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(54) Abstract Title 

Low temperature curing cement for wellbores 

(57) A cement slurry composition for cementing a wellbore comprises hydraulic cement, aluminium silicate 
and metal sulfate. The cement preferably comprises Portland cement and 50% by dry weight of the slurry. The 
aluminium silicate maybe kaolin, halloysite, dickite or nacrite but is preferably high reactivity metakaolin and 
may comprise 1-75% by weight. The sulphate is preferably iron or aluminium sulphate and 1-10% by weight. 
The cement composition may also contain accelerators preferably 1-20% sodium chloride and 1-5% calcium 
bichloride. It may also comprise silica flour, ceramic spheres, low density additives, weighting agents, 
thinners, foamers, defoamers, lost circulation material, energising gases such as nitrogen or air, set retarders, 
stabilizers and substantially no gypsum. The water for the slurry may be fresh, sea, drill or brine water or drill 
mud. The slurry can preferably cure if used underwater or in conditions below freezing e.g. in permafrost. 
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METHODS AND COMPOSITIONS FOR USE IN CEMENTING 
IN COLD ENVIRONMENTS 



BACKGROUND OF THE INVENTION 

5 

The present qipKcation claims priority on co*pending United States provisional patent 
application serial number 60/150,474 filed on August 24, 1999. The entire text and all contents 
of the above referenced disclosure is specifically incoiporated herein by reference without 
disclaimer. 

10 1. Field of the InventioD 

This invention relates generally to methods and cooqpositioiis fer cementing, and» more 
specifically to methods and conqiositioiis for cementing in cold environments. In particular, this 
invention relates to methods and compositions for well cementing in pemiafiost environments 
utilizmg low heat of hydration mixtures of hydraulic cement, aluminum silicate and acceleiatQis. 

IS ~ 2. Description of Related Art 

CCTienting is a common technique enq^loyed during many phases of wellbore operations. 
For example, cement may be employed to cement m secure various casing strings and/or liners in 
a well. In other cases, cementing may be used in remedial operations to repair casing and/or to 
achieve fomiation isolation. In still ofber cases, cementing may be employed during well 

20 abandonment Cement operations perfoimed in wellbores having relatively cold temperatures, 
i.e.» bottomhole circulating traiperatures typicaOy less tiian about SO^F, may preset particular 
problems, among other tilings, in obtaining good wellbore isolation. Tliese problons may be 
exacecbated in those cases where wellbore and/w formation conditions pnnnote fluid intrusion 
during or after cement curing, including intrusion of wat^, gas, or other fluids. Furthermore, 

25 relatively cold temperatures may lead to excessive diickening times, resulting in costly delays 
while waiting on cement to cure C^OC). 
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Deepwater weU operations typicaUy include operadons perfonned on ofifehore wells 
driUed in water depths over about 1,000 feet (espedaUy in Northern latitudesX and more 
typicaUy, greater than about 2,000 feet deep. Under deepwater conditions, relatively cool 
temperatures promoted by seawater, in some cases coupled with poorly consolidated formations 
5 often make die prevention of fluid intrusion during cementing a challenge. In such cases, 
relatively cool temperatures (typically less than about 60«T, and more typically, less ifaan about 
50«»F) may slow cement curing or hydration, extending the transition time of a cement slony. 
Transition time may be defined as the time required fijr a cement sluny to develop gel strength, 
or quantitatively as the time fiir a cement slurry gel strength to go fiom 100 Ib/lOOft' to 500 
10 Ib/lOOfe. 

Because longer transition times means tiiat tiie gel steengtfi of a cement increases 
relatively slowly, there is more opportunity for intirusion of water or other fluids, such as oil or 
gas, to migrate through or displace a cement slurry. When such fluid migration occurs, channels, 
pockets or oflier cavities may form in the setting cement Such cavities or channels may create a 

M POJnanent flow passage or otherwise compromise the integrity ofa cement sheath, such as exists 
between a pipe stiing and a fimnation. Furthennore, intrusion of a fluid such as water may dilute 
a cement slurry and thus prevent it fiom developing su£5cient compressive strength. Fluid 
migration into a cemmt is typically more extensive when cement transition times are leogtheoed 
because although the cement column in a wellbore has typically built enough gel strength to 

20 support itself and to therd»y reduce hydrostatic pressure on the surrounding formation, it has not 
developed sufficient gel sbenglh to prevent fluid intiusion or migration. Although reduced gel 
strength, extended transition times, and fluid intrusion during cement curing are problems 
commonly encountered in deepwater compl^ons, such problems may also be encountered in 
any wellbore having relatively cool formation ten^eratures, such as in wellbores drilled in cool 

25 or cold climates. 

In those cases where fonmation sands are overpressured by fluids such as gas and/or 
water, fluid intrusion into the setting cement during the cement transition time may be a 
particular problem, hi this regard, shallow formations in dsepwata wells typicaUy are 
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unconsolidated, making them weak» prone to fracture, and prone to producing relatively high 
flows of v/^ter. Such a problem may be further exacerbated in those situations in which a 
relatively hghtwdght cement sluny is required Such situations include those in which 
formations are suscq)tible to fracture, such as naturally weak or unconsolidated formations, or 
those with reduced bottom-hole pressures. Lightweight cemrats typically have longer transition 
times at relatively cool fomiation temperatures. Such cements are often referred to as 'Vater 
extended cement slurries/' Due to the relatively long transition times of water extended or 
lightweight cement slunies, thcare is increased opportunity for fluid intrusion and cement 
contamination. Such contamination may result in the loss of fonnation isolation and/or in casing 
damage. Resulting cement job failures may resuh in many undesirable consequences, such as tiie 
need for expensive remedial work, increased rig time, loss of production, and/or loss of the 
wellbore itself. 

In cold weather regions, such as the Arctic, tiie temperature of shallow formations may 
not exceed 32**F for several hundred feet of depth. Such fomiations are typicafly referred to as 
^^emiafrost" which denotes a pemianently frozen subsur&ce fonnation. Depending on tiie 
location, a pemiafrost or frozen section may extend from a few feet to depths greats than about 
1500 feet In such situations, even where fluid intrusion is not a problem, a cement slurry may 
not have the oi^rtunity to set and provide needed strength before it fi^ezra. Conventional 
metiiods for downhole conenting in pmnafiost fomiations have traditionally employed 
gypsum/Portland cement blends. As compared to conventional Portland cements, these 
gypsum/Portland cement blends offer reduced BTU ou^ut when hydrated, and therefore reduced 
degree of permafrost melting during and after cement placement G3fpsum/Portland cement 
blends are also noted for an ability to set under freezing conditicms. The density of conventional 
gypsum/Portland cement blends typically ranges from about 12.0 pound p^ gallon Cppg*' or 
*TPG") to about 15 ppg. These cement blends typically contain from about 20% by weight of 
dry blend CBWOB") to about 40% BWOB Portiand craient, and typically suffer from low 
compressive strength and high cost 



In some wellbores, gas intrusion may be a particular problem during and after CCTienting. 
Such wellbores include, for example, those where a wellbore penetrates a gas fimnation having a 
pressure corresponding to a first pressure gradient and a relatively undeibalanced permeable zone 
havmg a pressure corresponding to a second pressure gradient that is low^ than the first pressure 
gradient In such cases, hydrostatic pr^sure exerted by the cement slurry may keep gas intrusion 
fix>m occurring while the cement is still fluid. However, due to chemical hydration of the slurry 
and/or ddiydration of the slurry across the pemieable zone, the pore pressure of the slurry may 
decrease below the gas pressure in the reservoir allowing the to enter the cement This 
undeibalanced pressure may result, for example, in gas channeling to die suifice or to another 
lower pressure permeable zone. 

SUMMARY OF THE INVENTION 
Disclosed are cement compositions and methods which, in one embodiment, may be 
formulated with aluminum silicate and metal sulfiite, such as aluminum sulfate, to achieve 
inqproved gel and/or conqiressive strength characteristics in relatively low temperature 
environments and/or in relatively short periods of time as compared to conventional well 
cemeiits. Sudi cement systems may be characterized by the ability to fonn cement slunies 
having relatively short transition times, a charact^stic which may be particularly advantageous 
in cold environments and/or in wellbores having relatively weak formations and fi:acture 
gradients, both of which are typically found m deq)water offshore wells. Further, the disclosed 
cement compositions may be formulated to have reduced heat of hydration as compared to 
conventional cements, making them well suited for cementing in pennafiost environments, or in 
other cold environments such as those whm die soil surface tenq)erature does not exceed 32^ 
and/or those environments wha^e tCTq>erature of shallow formations does not exceed for 
about 100 feet or more. In tiiis regard, thawing of frozen formations may, for example, lead to 
the creation of a water layer between cement and die formation, vrbich may interfse with die 
CCTiCTt-to-fonnation bond Advantageously, reduced heats of hydration possible witih the 
disclosed cement compositions may reduce or substantially eliminate thawing of pennafiost or 
other frozen formations, and in doing so &cilitate formation of better CCTient bonds between 
cement and formation. The disclosed cement compositions may also be fomulated to have 



increased compressive strength and/or shortened pump times as compared to conventional 
cements, while at the same time exhibiting comparable or decreased heat of hydration as 
compared to such conventional cements. 

As disclosed herein, a cemmting system may comprise an ASTM Type I cemenU or other 
suitable hydraulic cement, mixed with reactive aluminum silicate (eg., such as high reactivity 
metakaolin) and/or aluminum sul&te. Optional additives to such a cement system include, but 
are not limited to, quick-setting gypsum, polyvinyl alcohol-based anti-fluid flow additives, 
accelerators (including calcium chloride and sodium metasilicate), and/or sufficient water to 
form a pumpable slurry. Such cement systems may be optionally foamed with, for example, 
nitrogm to produce stable and lightweight cement slurries. Such a slurry may be formulated to 
develop, in less Ibm about 35 minutes after placement, sufficient static gel strength to uihibit 
shallow water flow. In addition, such a slurry may obtain an initial compressive strength (cg.^ 
about SO psi) in less than about ten hours under seafloor conditions. 

In one respect then, disclosed are cementing compositions and methods which offer 
relatively high compressive strength at relatively low densities and superior stability in fieeze- 
thaw cycling, as con^ared to conventional gypsum/Portland well cements. The disclosed 
cementing compositions are particularly useful for downhole cementing in permafrost 
envirorunents, including those environments where formation temperature of at least one 
formation is at or below about These compositions may be surprisiogly fonnulated witii 
materials as described elsewhere herein, but may also include at least one metal sulfate, such as 
aluminum and/or ferric sulfate, further ina:easing performance at low temperatures («.g:, 
compressive strength, shortened pump times, etc.)^ while at the same time producing cement 
compositions that exhibit heat of hydration values comparable or reduced as compaicd to 
comparable conventional cement conq)ositions. In various embodiments, these compositions 
may be formulated to exhibit reduced heat of hydration as compared to conventional 
gypsum/Portland cementing compositions designed for peraiafrost envirormients. By so 
controlling or reducing BTU ou^ut during hydration, quality of cement bonding in, for example, 
areas of permafiost formations may be advantageously enhanced 



In one embodnnent, such a method of CCTienting within a wellbore located in a 
pecmafiost environment includes introducing a cement shiny including a hydraulic cement, 
aluminum silicate (e.g., metakaolin, high reactivity metakaolin niE(M*0, etc), and aluminum 
sul&te. The hydraulic cemoit (such as API Class G conent) may be present m an amount of 

5 from about 50% to about 85%, alternatively from about 68% to about 77% BWOB, although 
greato- and lesser amounts (outside diese ranges) are also possible, foe exanq)Ie, lesser amounts 
may be inesent widi the ino^ased concoitrations of other dry conqxmoits. Aluminum silicate 
may be blotded wifb. the hydraulic cement in a concentration oi^ for exanq)le, fiom ^ut 1% 
BWOC to about 50% BWOC, and alummum sulfrite may be blended with Ifae hydraulic cement 

10 in a concenteation o^ for example, from about 1% BWOC to about 10% BWOC. Optional 
accelerators may be employed including, but not limited to, fiom about 1% to about 20% by 
weight of mix water C'BWOW') of NaCl, and/or from about 1% BWOC to about 5% BWOC of 
CaCl,. 

hk maOxcr respect, disclosed is a method of cemoiting within a wellbOTe located in a 
15 seafloor at a water depth greater than about 1000 &et, including die stqis of introducing a cement 
sluny including a hydraulic cement and ahnmnum silicate into a wellborn and allowing the 
cement sluny to set within the wellbore. The cement slurry may be introduced into an annuhis 
existing between a pipe and the wellbore. The cement sluny may be allowed to set at a 
tenqierature of less dian about 60**?. Advantageously, the cement sluny substantially prevents 
20 intrusion of fluids into the wellbore prior to and aftor setting of die conent stvary. The cement 
sluny may include between about 1% and about 75% of aluminum silicate BWOC. The cement 
sluny mxy fimher include gypsum, and/or a foaming agent and energizing phase. The aluminum 
siUcate may include at least one of kaolin, metakaolin, halloysite, dickite, nacrite, or a mixture 
thereof, hi one embodiment, the aluminum silicate includes metakaolin. Advantageously, the 
23 cement sluny may have a transition time of about 35 minutes or less at a temperature of about 
50«F. 

In anotiier reject, disclosed is a method of conentmg withm a wellbore, including the 
steps of introducing a cement shmy inchidmg a hydraulic cement and aluminum silicate into a 
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wellbore, and allowing the craient sluny to set within the wellbore at a temperature of less ttian 
about 60**F. The cement sluiry may be introduced into an annulus existing between a pipe and 
the wellbore. Advantageously, the cement slurry may substantially prevent intrusion of fluids 
into the wellbore prior to and afto: setting of the cement slurry. The cement slurry may include 
between about 1% and about 75% of aluminum silicate BWOC. The cement slurry may further 
inchide gypsum and/or a foaming agent and energizing phase. The aluminum silicate may 
include at least one of kaolm, metakaolin, halloysite» dickite, nacrite, or a mixture thereof In one 
embodiment, the aluminum silicate iru:ludes metakaoliiL Advantageously the cement slurry may 
have a transition time of about 35 minutes or less at a tenq>erature of about 50°¥. 

In anothff respect, disclosed is a method of cemmting within a wellbore located in a 
seafloor at a water dq>th greater than about 1000 feet The method iocludes the steps of 
mtroducing a cement sluny including a hydraulic CCTient, between about 1% and about 25% 
metakaolin B WOC» and a foaming agent and energizing phase into an annulus existing betwem 
a pipe and the weUbore, and allowing the cement slurry to set within the wellbore. 
Advantageously, the cement slurry may substantially prevent intrusion of fluids into the wellbore 
prior to and after setting of the cement slurry. The cement slurry may be allowed to set at a 
tenqperature of less than about 60T. The cement slurry may furtiier include between about 1% 
and about 15% of gypsum BWOQ and/or may inchide from about 0.01 GPS to about 0.5 GPS of 
foammg agent and fiom about 50 SCF/bbl to about 2000 SCF/bbl of nitrogm energizing phase. 
Advantageously, the cement slurry may have a transition time of about 40 minutes or less at a 
temperature of about 50^F. 

In another respect, disclosed is a method of cementing within a wellbore in which the 
wellbore penetrates at least one formation having a pore pressure and is at least partially 
productive of a fluid. The method includes the steps of introducing a cement slurry including a 
hydraulic cement and aluminum silicate into a wellbore, and allowing the cement slurry to set 
within the wellbore. Advantageously, the cement slurry may substantially prevent intmsion of 
the fluid into the into the wellbore prior to and after setting of the cemait slurry. The cement 
also substantially prevent intmsion of the fluid into the wellbore prior to setting of the ccmeat 



when the cement pore pressure is less than the formation pore pressure. In some cases, the 
formation may be productive of a fluid that is gas. The cement slurry may be introduced into an 
aimulus existing between a pipe and the wellbore. The cemeat slurry may include between about 
1% and about 75% of aluminum silicate BWCXI, and may optionally fiirttier include gypsum. 
The aluminum silicate may mclude at least one of kaolin, metakaolin, halloysite, dickite, naoite, 
or a mixture thereof, hi one embodiment, the aluminum siticate may include metakaolin, and in 
another embodiment may include high reactivity metakaolin. 

In another respect, disclosed is a method of cementing within a wellbore, including the 
steps of introducing a cemrat slurry including a hydraulic cmient and aluminum silicate into a 
wellbore, and allowing the cement slurry to set within the wellbore. In tbis m^bod the 
aluminum silicate may include at least one of kaolin, metakaolin, halloysite, dickite, naoite, or a 
mixture thereof. In one embodiment flie aluminum silicate includes metakaolin. The slurry may 
have a slurry density of between about 11.5 Ibm/gal and about 13.5 Ibm/gal. 

In another respect, disclosed is a well cementing composition including a hydraulic 
cement and aluminum sihcate. In various exemplary embodiments, a con^sition may include 
greater or eiqual to about 25%, alternatively greater than or equal to about 30%, altematively 
greater than or equal to about 40%, altematively greater than or equal to about 50%, and 
alternatively greater than or equal to about 60% by weight of one cubic foot of hydraulic cement, 
in addition to aluminum silicate. The hydraulic cement may be any of the hydraulic cements 
mentioned elsewhere herein. In this composition, the aluminum silicate may include at least one 
of kaolin, metakaolin, halloysite, dickite, nacrite, or a mixture thereof. In one embodiment, the 
aluminum silicate includes metakaolin. The aluminum sihcate may be present in any amount 
disclosed elsewhere herein. Furthermore, any of the cementing additives mentioned elsewhere 
herein may be enq>loyed. 

In anotiier respect, disclosed is a method of cementing within a wellbore, mcluding 
introducing a cement slurry including effective amounts of hydraulic cement, aluminum silicate 
and metal sulfate into a wellbore; and allowing the cement slurry to cure within the wellbore; 



wherein the hydraulic cement, the aluminum silicate and the metal sulfate are present in the 
cement slimy in amounts effective to formulate a weUbore cem^t. 

In another r^ect» disclosed is a method of cementing within a wellbore, including 
introducing a cement sluny including effective amounts of hydraulic cement, high reactivity 
metakaolin, and aluminum sul&te into a wellbore; and allowing the cement sluny to cure within 
the wellbore; wherein the cement shiny is formulated ficm a cement composition including 
greater than or equal to about 50% Portland cement by weight of total dry blend jnior to addition 
of water; and wherein the hydraulic cement, the high reactivity metakaolin and the aluminum 
sulfate are present in the cement slurry in amounts effective to formulate a wellbore cement 

hi another respect, disclosed is a well cementing composition including hydraulic cement, 
high reactivity metakaolin, and aluminum sulfate; wherein the hydraulic cement, the high 
reactivity metakaolin and the aluminum sul&te are present in the composition in amounts 
effective to formulate a wellbore cement. 

BRIEF DESCRIPTION OF TEIE DRAWINGS 
FIG. 1 shows conq)ressive straagfli versus time for a conventional cement sluny. 

FIG. 2 shows compressive str«gtfa versus time for a cement shury acccmling to one 
embodiment of the disclosed conqiositions and methods. 

FIG. 3 is a sunplified cross-sectional view of a casing string sum>unded by cement and 
suspended in a wellbore having exposed low and high pressure fonnations« 

FIG. 4 is a sinq>lified schonatic of a gas flow test ^paratus used in conducting 
Examples 3-8, and Con^arative Examples A and 

FIG. 5 shows cment pore pressure, and filtrate volume as a function of time for tiie 
aluminum silicate-containing cement sluny of Exan^le 3 according to one embodiment of the 
disclosed method. 



FIG. 6 shows cement pore pressure, and filtrate volume as a function of time for the 
aluminum silicate-containing cement sluny of Example 4 according to one raibodiment of the 
disclosed method 

FIG. 7 shows cement pore pressure, water displaced by filtrate, and filtrate volume as a 
fimction of time for the aluminum silicate-containing cement sluny of Example 5 according to 
one embodiment of the disclosed method. 

FIG. 8 shows cement pore pressure, water displaced by filtrate, and filtrate volume as a 
function of time for the aluminum silicate-containing cement slurry of Example 6 according to 
one embodiment of the disclosed method. 

FIG. 9 shows cement pore pressure, water volume displaced by filtrate and filtrate 
volume as a function of time for the aluminum silicate-containing cement slurry of Example 7 
according to one embodiment of the disclosed method. 

FIG. 10 shows cement pore pressure, water volume displaced by filtrate, and filtrate 
volume as a function of time for the aluminum siUcate-containing cement slurry of Example 8. 

FIG. 11 shows cement pore pressure, gas volume, and filtrate volume as a function of 
tune for the conventional cement sluny of Conqiarative &Kanq>le A. 

FIG. 12 shows cCTient pore pressure, gas volume, and filtrate volume as a function of 
time for the conventional cement sluny of Comparative Example B. 

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

The disclosed cement systems omtaining aluminum silicate and/or metal sul&te such as 
aluminum sulfite may be useful for, among other things, cementing operations under wellbore 
conditions prone to fluid intrusion or influx during cement curing. In particular, the disclosed 
cement systems are useful in cementing operations perfonned in cold weather environments, 
deq>-water compl^ons, and/or in wellbores in which formations having varying pressure 
gradients are exposed. In the case of deqywater completions, embodimotits of aluminum silicate- 
containing cemat are disclosed which may be utilized to CCTient, for example, conductor pipe or 
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casing in ofif-shore well operations located in deepwater, for example, in water that is greater 
than about 1,000 feet, and in one embodiment in water that is greater than about 2,000 feet. 

The disclosed method and compositions may also be advantageously employed in cold 
weather or aicdc environments to provide a cement with a shortened transition time, improved 
compressive strragtfa prior to freezing, and/or reduced heat of hydration. For exanqple, the 
disclosed cement systems may be useful in cementing in relatively cold wellbore or downhole 
environments, including wellbores having bottomhole circulating temperatures of less tban about 
60^F. In one exemplary embodiment, the diisclosed aluminum siUcate-containing cement 
systems may be formulated especiaUy for use in wellbores e:q)osed to formations having a 
tenq>erature of about 32"^? or less. Such conditions may exist, for exanq>le, when CCTientmg 
sur&ce pipe in open hole or when placing cement within portions of a cased hole that is 
positioned opposite formations havmg such temperature. In such relatively cold weather 
cementing embodiments {e.g„ temperatures less tiian about 60^, less than about 50^, and/or 
less than or equal to about 32°F), effective amounts of metal sul&te, such as aluminum and/or 
fenric sul&te, may be added in addition to effective amounts of aluminum silicate to result in a 
cement condition that exhibits adequate tfaidkening tune to mix, pump and displace the cement 
downhole, and at the same time which exhibits increased conqiressive strengtii and reduced heat 
of hydration, as compared to conventional cementing systems, such as conventional 
gypsum/Portland cement blends traditionally enq>loyed in wellbores under these temperature 
conditions* In this regard it will be understood that with berfefit of tins disclosure, effective 
amounts of aluminum silicate and/or aluminum sul£aUe m^ be detemuned to fit tiie particular 
downhole conditions ar^ requirraients {e.g., bottomhole circulating temperature, wellbore 
volume, drculation time required, conq)ressive strenglh required, etc.) by those of skill in the art 
using methods known in the art including, but not limited to, methods such as tiiose described 
elsewhere herein. 

In one embodimrat, synergistic effects may advantageously be achieved with cement 
sluiiies formulated from Portland-based cement compositions containing greato: than or equal to 
about 50% Portland cement by weig^ of total dry blend prior to the addition of water. 



attemadvely firom about 50% to about 85% Portland cement by weight of total diy blend prior to 
the addition of water, and further alternatively from about 68% to about 77% Portland cement by 
weight of total dry blend prior to the addition of water. In anotho- embodiment, sudi conents 
may furtho' charactoized as containing the above-recited ranges of Pcrtland cement, and fiutber 
conlainiiig less than about 4% BWOC CaCl,, (altenutively from about 0% to about 4% BWOC 
CaCl,. altematively from about 0% to about 3% BWOC CaCl,, alternatively from about 0% to 
about 2% BWOC CaClj, and further altematively from about 0% to about 1% BWOC CaCl,); 
and/or such cements may be characterized as containing less than kbout 20% BWOC gypsum 
(altematively from about 0% to about 20% BWOC gypsum, altonatively from about 0% to 
about 15% BWOC gypsum, alternatively from about 0% to about 10% BWOC gypsum, 
altematively from about 0% to about 5% BWOC gypsum, and fiirdier alternative^ containing 
substantially no gypsum). The above synergistic efiects may be achieved wifli Poitland-based 
cements using a combination of effective amounts of aluminum silicate and effective amounts of 
metal sul&te such as aliuninum silicate so as to achieve one or more of the effects descnlsed 
herein. I 

For example^ in one embodiment, such a synergistic effect may be particularly realized 
undo: relatively cold cementing conditiras (e.g., bottomhole circulating tempeiatures of less than 
about 60I°V, ahematively less dian about 50^F)» and e^ecially when diese temperature craditions 
exist in combination with relatively low density cements, such as cements having a density of 
about 13 ppg or less, altematively having a dmAty of about 12.5 ppg or less, altematively having 
a density of about 12.2 ppg or less, altematively having a density of from about 8 ppg to about 
13, altematively having a density of fiom about 8 ppg to ^out 12.5 ppg, and fintha alternatively 
having a density of from about 8 ppg to about 12.2 ppg. An exanqjle of the synogistic effecte 
that m^ be achieved widi a combination of effective amount of aluminum silicate such as hi^ 
reactivity metakaolin with an effective amount of a metal sulfate such as aluminum sulfate under 
conditions of relatively low tempoature and relatively low density is the development of 
relatively high compressive strengths coupled witii relatively low heats of hydration, and 
superior fireeze-diaw resistance. Witii regard to die hater, die disclosed alumimun 
silicate/alu minum sul&te cement systems may be formulated to achieve a compressive strength 
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of greater than about 1 100 psi (altmiatively greater than about 500 psi) after a first freeze-thaw, 
and greater than 1300 psi (alternatively greater than about 600 psi) after a third fiieeze-thaw. 

In one embodiment, the above-described synergistic effects may be iiirtfaer quantified as 
follows foi slurries formulated with Portland>based cements containing amounts of Portland 
cement described elsewhere herdn and having slurry densities of about 12J2 ppg or greater 
(alternatively from about 122 ppg to about 18 ppg, further alternatively from about 122 ppg to 
about IS ppg). In this regard, the effects may be so quantified as a compressive strength of 
greater tfian about 90 psi as measured at 50^F at 24 hours, in combination with a heat of 
hydration of equal to or less than about 6 Cal7Sec-kg (by weight of slurry) as measured at 4S®F 
immediately after mixing. Furthemiore such slurries may additionally or alternatively exhibit a 
thickening time to 100 Bearden Units of Consistency 0*6^*0 of from about 2.5 hours to about S.5 
hours, alternatively fix>m about 3 hours to about S hours, as measured on a hi^ tenq)erature/high 
pressure C19THP") consistometer at bottom hole circulating temperature of a givoi wellbore. In 
anothff embodiment, such synergistic effects may be additionally or alternatively quantified for 
such slurries of Portland based cements (e.g., having Portland cement omtent, shmy densities 
and heals of hydration as described above) as having compressive strength development of 
greater than about 150 psi at about 42 hours, and alternatively greater than about 90 psi at 24 
hours. In one embodiment, such slurries may contain substantially no gypsum (or alternatively, 
may contain gypsum in amounts described elsewhere herein), and/or may contain CaCl} in 
amount described elsewhere ham. It will be understood with benefit of this disclosure that for 
given wellbore conditions, a lower conq>ressive strength or hi^er heat of hydration mi^ be 
accq>table when employing lower density cements. 

Furtiiennore, the disclosed cement systems may be usefiil in cmenting in wellbores 
susceptible gas influx or migration, such as those wellbores having exposed formations with 
varying pressure gradients, including such wells having conventional bottom hole temperatures. 
In addition, the disclosed cement systems may be formulated as high strength, low density 
cements for use at a variety of downhole temperatures, including conventional tenq>eratures. 



Surprisingly, the disclosed aiumininn silicate-containing cement systems may be used in, 
for example, cold and/or deep-water environments, and/or in overpressured and poorly 
consolidated formations, to provide a cement slurry with inqnoved thixotropic pnq>erties over 
conventional cements. In this regard die disclosed cement systons include compositions ^ch 
may be used to produce cement slunies that have properties that resist fluid flow from a 
formation or other source, especially under conditions of cold temperature and/or high pressure 
differential, in particular, embodiments of the disclosed aluminum silicate-containing systems 
nlay be used to formulate cement slurries that offer improved strength development vosus time, 
shortened transition time, and increased compressive strengdi versus time so as to resist or 
substantially prevmt fluid intrusion, such as influx of gas and/or water, during or after cement 
curing. In this regard, in one embodiment, aluminum-silicate containing cement conqiositions 
disclosed herein exhibit reduced permeability when compared to comparable cement 
compositions containing no aluminum-silicate, Fmrther advantages include reduction in loss of 
cCTient filtrate to permeable formations during cement curing. 

The disclosed aluminum silicate-containing cement systems also may be used in 
wellbores suscq)tible to gas influx, during or a&st coaent curing. In this regard, influx of gas 
during cement curing may be substantially reduced, resisted or prevented, ii^luding gas influx 
from zones having high pressure relative to the hydrostatic weight of a cemrat slurry and/or 
relative to other zones exposed in a weDbore, as illustrated in FIG. 3. In FIG, 3, a wellbore 16 is 
illustrated with a casing string 18 suspended therdn. A cement slurry 12 is shown disposed in 
annulus 20 created between casing string 18 and wellbore 16. Gas-containing high pressure zone 
22 and low pressure zone 24 are diown exposed in wellbore 16. 

In one example, high pressure zone 22 may have a relatively high reservoir or fonnation 
pressure, such as about 500 psi, while low pressure zone 24 may have a relatively low resorvoir 
or formation pressure of about 300 psL Cement slurry 12 may initially have a pressure gradient 
sufBcient to counterbalance both zones 22 and 24, for example to exert about 800 psi at high 
pressure zone 22 and about 1000 psi at low pressure zone 24. Thus, die hydrostatic pressure 
exerted by cemeaaX slurry 12 is sufficient to keep gas intrusion from occurring while cement 
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slurry 12 is still fluid. However, dming chemical hydradon of slurry 12 and/or dehydratioii 
across a permeable zone (especially a relatively low pressure zone such as zone 24), the cement 
pore pressure may decrease below the fomiation pressure of, for example, high pressure zone 22, 
allowing gas from zone 22 to enter wellbore 16. This would occur, for example, if the pressure 
exerted by slurry 12 at zone 22 dropped below about 500 psi. Such an unbalanced wellbore 
pressure at zone 22 and resulting gas entry into wellbore 16 may lead to, for example, gas 
cfaamieling to die sur&ce, or to another lower pressure pemeable zone. 

The disclosed aluminum silicate-containixig cement slurries offer improved strength 
development vosus time, shortened transition times, and iocmsed conqiressive strengths versus 
time. These properties reduce the opportmiity for loss in hydrostatic pressure exerted by a 
cement slurry, and provide increased gel strength for resisting fluid intrusion (such as gas or 
water influx) into a wellbore from a zone exposed in the wellbore. As used herein, "'fluid 
inttusion" includes partial or conq)lete displacement of cement slurry by a formation fluid, fluid 
flow between a cemmt sluny and wellbore tubulars, fluid flow between a cement slurry and 
suiroundmg formation &ce, and/or fluid flow throu^ the matrix of a conent slurry. In addition, 
reduction in loss of cement filtrate to permeable formations during cement curing helps prevent 
loss of hydrostatic pressure exerted against potential fluid bearing zones. 

After curing, gas migration or migration of other fluids into the porous and permeable 
matrix of the cured client may be substantially reduced, resisted, or prevented by the disclosed 
aluminum silicate-containing cemmt systems. In this regard, the disclosed cured aluminum 
silicate-coiitaimng cement systems may be used to produce cured hydraulic cements having 
reduced porosity and/or pemieability as compared to comparable hydraulic cements lacking 
aluminum silicate. While not wishing to be bound by theory, it is believed that aluminum 
silicate compositions tend to react or to promote reactions within a cement slurry matrix that tend 
to restrict or plug interstitial areas in the cement matrix, and therefore result in reduced porosity 
and/or permeability of tiie cement For example, an otherwise gas permeable Class G cement 
design may be made substantially less susceptible to gas influx and/or gas tight or substantially 
gas inqiermeable by the addition of aluminum silicate as shown in Example 8 (FIG. 10). In 
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contrast, a similar Qass G cement design containing no aluminum silicate is more suscq)tible to 
gas intrusion as shown in Comparative Example A (FIG. 11). 

Comparisons between the aluminum silicate-containing cement systems of the disclosed 
method and conventional gypsum-containing cements may be found in the examples. As shown 
in these examples, embodiments of the disclosed aluminum silicate-containing cement 
containing substantially no gypsum offer surprising advantages over previous gypsum-containing 
cements, including the formation of cement slurries having shorter transition tones and 
exhibiting a more rapid increase in gel s l iiai gth and compressive strength as a function of time, 
thereby mmimiTjng opportunity for water influx during curing. Embodiments of the disclosed 
aluminum silicate-containing cement may offer considerable cost advants^es over previous ultra- 
fine cemrat-based deepwater cement systems. 

In one mibodiment of the disclosed method and compositions, weU completion (e.g., 
primary cementing) and/or remedial cementing may be successfiilly performed at relatively low 
wellbore temperatures such as wellbore bottomhole circulating temperatures less than about 
60T, and attematively less than about SOT. At such temperatures, slurries fomied fiom 
conventional cement compositions typically require unacceptably long transition or setting times 
and/or fail to achieve zonal isolation in an annuhis formed betwe^ a pipe string and the walls of 
a wellbore. Such setting problems at lower tenq)eratures may be exacerbated by formations 
susceptible to fluid influx, such as water sand formations or shallow gas zones below the sea 
floor in deepwater completions. In sudi deepwater completions, temperatures as low as about 
30T maybe encountered within a wellbore at the mud line. Below the mud line, ten^eratDres 
may vary fiom about 70^¥ to about and alternatively firom about 60T to about 
typically to a dq>th of about 4000 feet below the mud line. 

When employed for cementing in wells have relatively cold downhole temperatures, one 
embodiment of the disclosed aluminum silicate-containing cement slxmies may be formulated to 
have a transition time of less than about 45 minutes, and alternatively less than about 40 minutes, 
at a temperature of about 40"*?. In another embodiment, an aluminum silicate-containing cement 
slurry may be formulated to have a transition time of less than about 40 minutes, md 
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alternatively less than about 35 minutes, at a tenq)crature of about SO'F. In another embodiment, 
an aluminum silicate-containing cement sluny maybe be fonnulated to have a transition time of 
less than about 30 minutes, and alternatively less than about 25 minutes, at a temperature of 
about 60»F. In regard to the above transition time values, foamed embodiments of the disclosed 
cement slunies may tend to have transition times nearer the greater of the two values given 
above for each temperature, while unfoamed slurries may tend to have transition times nearer die 
lessCT of the two values. In still another embodiment, an aluminum silicates»ntaining cement 
slurry may be formulated to have a transition time of between about 25 and about 45 minutes at 
tenq)enitures between about 40T and about 60^?. Advantageously, these transition times may 
be much shorter than transition times for conventional cement slurries, which are typically 
greater than about 45 minutes at a temperatore of about 50«F. La another embodiment, an 
ahnninnm silicate-containing slurry may have a punq> time of about 3 to about 4 hours at about 
50"F, and in anotiier embodiment may develop a compressive strengtii of about 50 psi or more in 
about 9 hours at a teiiq)erature as low as about 50*T. 

hi embodiments of die disclosed method, aluminum silicate and/or ahmiinum sul&te may 
be combined witii a suitable hydraulic cement or mxtan of hydraulic cements and an aqueous 
base fluid to form a cementing slurry. This may be done in a batch or continuous cementing 
process immediately prior to introducing die cement slurry into die weUbore. For example, an 
aluminum siKcate and/or aluminum sulfete-containing conent starry may be mixed and pumped 
into a wellbore fer die sole purpose of cementing (e.g.. primary, remedial, woikover or 
completion cementing), and not used as a fluid for drilling purposes, in whole or in part. In such 
cases, die cement shiny may be mixed and introduced into die wdlbore at one time or in one 
step, and never circulated back out of die wellbore. When pumped in diis manner, die cement 
slurry may be optionaUy preceded by a spacer fluid of the type known to diose of skill in die art 
which serves to displace and substantially remove drilling mud present in die wellbore prior to 
die conenting operation. It is additionally and optionally possilile diat in sudi a case no previous 
dqjosition of cementious material ie.g.. such as materials deposited during drilling operations) 
may be present on a formation face of die weUbore, and diat die cement slurry dius is used to 
complete die cementing operation in a single st^. 
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In this regard, any hydraulic cement or mixture of hydraulic cements suitable for wellbore 
cementing and compatible with aluminum silicate may be onployed. Typically, hydraulic 
cement type is selected based on downhole conditions, such as temperature, using methods 
known in the art Examples of suitable hydraulic cement types, which may be used alone or in 
mixtures, include Portland cements, and more particularly ASTM Type I, n, m, IV and/or V 
Portland cemente, and API Class A, B, C, G and/or H Portland cements. In one embodiment one 
or more types of Portland cements may be used alone or in mixture with other non-Portland type 
cements. However, it will be imderstood with benefit of this disclosure tbat other cements and 
cements containing other additives may also be suitably employed, including those described 
elsewhere herein. In this regard, a suitable hydraulic cement type or mixture of hydraulic cement 
types may be selected based on anticipated cementing conditions with the benefit of this 
disclosure using methods known in the art It will also be understood that aluminum silicate may 
be mixed or otherwise combined witii a hydraulic cement, water, and/or odier desired additives 
in any order suitable for forming an aluminum silicate-containing cement slurry. A suitable 
hydraulic cement may be mixed with various admixtures including, but not limited to, pozzolan, 
blast fiunace sung, hollow microspheres, nitrogen, and mixtures thereof. 

When utilized for cementing in a relatively cold environments, such as those described 
above for cementing conductor pipes in deq)water wells or in Arctic environments, any 
hydraulic cement suitable for cementing under these conditions may be employed, altfiough a 
relatively reactive cement such as an ASTM Type I cement or API Class **A" or "CT cement, is 
often employed When utilized for cementing in wellbwes having relatively conventional 
temperatures (for exanq>le, about 607 or greater), such as wellbores susceptible to fluid influx or 
displacemoit, or in wellbores susceptible to fluid migration (for exanq)le, gas migration) through 
a gelled cemeat matrix, such as those previously described, any of the above described hydraulic 
cements may be employed It will also be understood with the benefit of the disclosure that any 
of the hydraulic cements described elsewhere herein may be employed alone or in mixtures in 
wellbores subject to gas influx or in deepwater or cold environments. 
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In the practice of one embodiment of the disclosed method an aluminum silicate- 
containing CCTient sluiiy may contain a mixture of aluminum silicate and a suitable hydraulic 
cemmt such as described elsewhere herdn. Further information on such mixtures may be found 
in co-pmding United States Patent Application Serial Number 08/995,070 filed on December 19, 
1997; and co-pending United States Patent Application Serial Number 08/989,480 filed on 
December 12, 1997, both of which are incorporated herein by reference in their entirety. In this 
regard, any aluminum silicate con^sition suitable for mixture with a hydraulic cement, and in 
one embodiment, suitable for decreasing the transition time and increasing gel and compressive 
strengtii development of a hydraulic cement sluny during curing, may be employed. In one 
embodiment, aluminum silicate may be comprised of SiO^/Al^O^/FejOj. In another embodiment, 
an aluminum silicate may be kaolin or kaolinite, calcined kaolin or kaolinite (metakaolin), or 
mixtures thereof Such aluminum silicate may also be referred to as China Clay. Otbsx suitable 
forms of alumimun silicate include, but are not limited to, halloysite, dickite, and nacritei and 
mixtures thereof; as weU as mixtures of these with materials witii kaolin An 
aluminum silicate may comprise hi^ reactivity metakaolin in one embodiment 

Further information on suitable aluminum silicates may be found in "Textbook of 
Lithohgy" by Jackson, K-C, 1970, McGraw-Hill, Library of Congress No, 72-95810, which is 
incoiporated herein by ref^awce. As explained in this reference, in one embodiment kaolins 
structurally may consist of a sheet of silicon-oxygen tetrahedra coordinated with a sheet of 
aluminum-oxygen-hydroxide octahedra. The resultant double sheet is typically electrostatically 
neutral so that no additional ions are required. The various minerals of the group may diffa m 
the stacking patterns of these double sheets. Additional infonnation on high reactivity metakolin 
may be found, for example, in Gfuber et al., "Exploring The Pozzolanic Activity of IS^ 
Reactivity Metakaolin," World Cement Research and Development (February 1996); Caldarone 
et al., **High-Reactivity Metakaolin: A New Generation Mineral Admixture,*' 6 pages 
(authorized reprint from: November 1994 issue of Concrete International), ^ch are 
incorporated herein by reference. 
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In the practice of ttie disclosed method, tfie ratio of silica to alumina in the employed 
aluminum silicate may be between about 65 and about 35, alternatively between about 52 and 
about 48, although other ratios are possible, including those greater than about 65 and those less 
than about 35. Aluminum silicates may contain trace amounts of ferric oxide. In this regard, any 
fenic oxide fraction present maybe presmt in an amount less than about 1% by weight of 
aluminum silicate, although fractions greater than about 1% are also possible. 

In tiie practice of the various embodiments of the disclosed metiiod, any amount of 
aluminum silicate suitable for achieving the benefits of the disclosed cement slurries described 
herein may be employed In one embodiment, an aluminum silicate-containing cement for 
cementing in deepwater and/or cold environments, and/or for eventing in wells susceptible to 
fluid intrusion, may comprise from about 1% to about 75%, alternatively from about 1% to about 
50%, attematively from about 1% to about 25%, and alternatively from about 4% to about 8% 
aluminum silicate by weight of base cement CBWOCT). In another embodiment, such an 
aluminum silicate-containing cement may comprise greater than 5% aluminum silicate, 
altemativeiy from greater than 5% to about 75%, alternatively from greater than 5% to about 
50%, alternatively from greater than 5% to about 25%, alternatively from greater than 5% to 
about 15%, and altemativeiy from greater than 5% to about 8% aliuninum silicate by weight of 
base cement CBWOC*). hi another embodiment, such an aluminum silicate-containing cement 
may comprise greater firom about 25% to about 35% aluminum silicate by weight of base cement 
CBWCXT*). It win also be understood with benefit of this disclosure that other embodhnents of 
aluminum silicate-containing cement may conqprise greater than about 75% aluminum silicate. 

In one raibodiment, aluminum silicate may have a particle size of from about 0.4 to 
about 80 ^M, altemativeiy from about 0.5 to about 2 fiM, although particle sizes less than 
about 0.4 and/or greato* than about 80 ^M may also be employed. In another embodiment, 
the aluminum silicate may have a specific gravity of greater than or equal to 2.2, and in another 
embodiment, about 2.5. hi this regard, smallo: or more fine particles of aluminum silicate t ftgy 
be usefiil in situations requiring greats reactivity. 
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In the fonnulatioii and use of the various CCTient composition CTibodiments disclosed 
herein, any type of aluminum silicate suitable for obtaining the desired properties of each 
embodiment under individual well conditions may be employed. In one embodiment, the 
disclosed aluminum silicate-containing cement slurries are formed using aluminum silicate in the 
form of kaolin or calcined anhydrous kaolin (metakaolin), and in one exemplary embodiment in 
the form of metakaolin. Such metakaolin aluminum isilicates include, but are not limited to, 
those high reactivity metakaolins commercially available as '"METAMAX** and, in finer fomi, as 
'"METAMAX EF', both available from Engelhard Corporation, Specialty Minerals and Colors of 
Iselin, New JCTsey. **METAMAX^ is also available &om BJ Services as •'MPA-r* and may be 
characterized as calcined anhydrous Kaolin Al^O^^SiO^, and has an average particle size of about 
1.5 pM, is composed of 97% SiO^+Al^Oj+FesO,, has a 97% Na mininrnmi with a specific gravity 
of about 2.5, a maximum wet screm residue of about 0.35% at +325 mesh, a pH of about 4.5-6.5, 
a maximum fiee moisture content of about 1.0, a loose bulk density of about 18 lbs/ft^, a tamped 
btilk density of about 32 lbs/ft^, and a specific gravity of about 2.5. In comparison, 
'"METAMAX EF', available firom BJ Services as *'MPA-2**, has an average particle size of about 
0.5 jxM, is conq)osed of 98% SiOs+AljOj+FejO,, and has a specific gravity of about 2.5, with a 
similar pH and fi:ee moisture content as ''METAMAX.** It will be understood with benefit of Ois 
disclosure that '"METAMAX** and ""METAMAX EF* are merely given as specific examples of 
suitable aluminum silicates, and that other aluminum silicates msry be employed as well 

Metakaolins such as ''METAMATT and ''METAMAX EF* may be employed 
interchangeably or in mixtures under a wide variety of well cementing conditions. However, 
'METAMAX EF* may be optionally selected for use under conditions whwe greater reactivity is 
desired, such as under relatively colder conditions (especially cold deepwater and arctic 
conditions), and *^TAMAX^ may be optionally selected for use \mda conditions where 
reactivity is not as great of a concern, such as under relatively warmer conditions. In tins regard, 
selection of desired aluminum silicate fomi may be made with tiie benefit of this disclosure to 
obtain desired cement and cement slurry properties. 
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In one onbodiment, cement slunies including a metakaolin such as ^IMETAMAX" may 
be employed for cementing deepwater wells located in areas having a seafloor temperature of 
greater than or equal to about 40°F, while cement slurries including a metakaolin such as 
'^METAMAX £F' may be used in well cementing applications for cementing deq>water wells 
located in areas having a seafloor ten:q)erature of less than about 40^F. However, it will be 
understood with benefit of this disclosure that ^'METAMAX" may be employed for cementing 
deepwater wells located in areas havii^ a seafloor temperature less than about 40"^?, and 
'^METAMAX HF* may be employed for cementing deepwater wells located in areas having a 
seafloor tempearature greater than or equal to about 40^F. 

In the formulation and use of the various cement composition embodiments disclosed 
herein, any type of metal sul&te suitable for obtaining the desired properties of each embodiment 
under individual well conditions may be employed. Specific exanq>les include, but are not 
limited to, granular and/or powdered metal sul&tes. In this regard, granular metal sul&te may be 
desired in some cases to provide more control over the properties of a cement conqx>sition, 
although powdered forms are also suitable. In one embodiment, granular aluminum sul&te 
available as High Grade Aluminum Sulfate from GEO SPECIALTY CHEMICAL COMPANY 
of Littie Rock Arkansas, may be enq)loyed. 

For cementing in wells having conventional downhole temperatures (e.g., bottomhole 
ciiculadng tmyer atur cs of greater flian or equal to about 60^, aluminum silicate-containing 
cement shmries may be formed using metakaolins such as IMETAMAX,** although any otfier 
suitable aluminum silicate as described elsewhere herein, including those such as '"METAMAX 
EF,^ may be enq)loyed. Such embodiments include cementing operations in which it is desirable 
to control fluid intrusion in wells having convCTitional downhole tenq)eratures (for example, 
control of gas and/or water mflux and associated displacement of curing cement, or gas invasion 
into the penneable matrix of a cured cement). 

It will be understood with the benefit of the disclosure that any suitable alimnTunn 
silicates including, but not limited to, tiie aluminum silicate compositions mentioned herein, as 
well as mixtures of any suitable aluminum silicate compositions, may be employed in any givCT 
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situation. Examples of other suitable aluminum silicates include, but are not limited to, 
halloysite, dicldte, and nacrite. 

With benefit of this disclosure, those of skill in the art will understand that any amount of 
aluminum silicate and/or of hydraulic cement suitable or effective for formulation of a cement 
composition possessing desired pre and/or post-curing characteristics may be employed 
Furthexmore, any amount and/or type of metal sulfate, such as aluminum and/or fmic sul&te, 
suitable or effective for achieving synergistic bmefits with other conq)onents of a cement slurry 
(e.g., such as described herein elsewhere) may be employed Such synergistic benefits include, 
for example, desired reduction in heat of hydration in combination with relatively high 
compressive strength and/or other properties. For example, in one embodiment used in 
permafiost or near-permafirost conditions, (for example, when at least a portion of a cemmt 
composition will be exposed to a curing tenq)erature of about 32^F or less, for example fiom 
about 10 T to about alternatively fiom about 20T to about 327), metal sulfate (eg., 
alununum sulfiite) may be present in the cement composition in a concentration of fiom about 
1% BWOC to about 10% BWOC, altematively fiom about 5% BWOC to about 10% BWOC. In 
this embodiment, hydraulic cement may be present in an of fiom about 50% to about 85%, 
alternatively fiom about 68% to about 77% B WOB although greater and lesser amounts (outside 
these ranges) are also possible. With benefit of this disclosure, those of skill in the art will 
understand that lesser amounts may be present with the increased concentrations of other diy 
components. In another embodiment, hydraulic cement may comprise between about 30% and 
about 100% by wei^t of one cubic foot of hydraulic cement 

It win be undostood with benefit of tiiis disclosure that cement compositions containing 
metal sulfate may also be advantageously employed in cementing applications wbsro 
temperatures are greater than about 32^F including, but not limited to, any of the other cementing 
sj^stem embodiments described elsewhere hereiiL For example, such compositions may be 
employed m cementing applications where taxq)eratures are less than about 60*T (such as fiom 
greater dian 32^F to about 60''F), altematively less than about 50T (such as fiom greater than 
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32^F to about 50^, and further alternatively 1^ than about 40*'F (such as from greater than 

32°F to about 40T). 

To further lower the freezing point of a cement composition (such as when pemiafiost or 
near pemiafi:ost conditions are expected) optional materials may be employed in addition to 
aluminum sulfate in any amount suitable for achieving desired curing properties. Such optional 
materials may include, but are not limited to, increased amounts of accel^ators mentioned 
elsewhere herein. These materials may be employed in any amount and/or combination suitable 
for achieving the desired cement curing properties. For example, in one embodiment NaCl may 
be optionally present in an amount of greats than about 10% BWOW, alternatively in an amount 
of from greater dian about 10% BWOW to about 37% BWOW, altonatively in an amount of 
from greater than about 10% BWOW to about 20% BWOW, and alternatively in an amount of 
from greater than about 10% BWOW to about 15% BWOW, In another embodiment, NaCl may 
be present in an amount of from about 1% BWOW to about 37% BWOW, alternatively from 
about 1% BWOW to about 20% BWOW, alternatively fitim about 1% BWOW to about 15% 
BWOW, alternatively from greater than 5% to about 37% BWOW, alternatively from greater 
than 5% BWOW to about 20% BWOW, alternatively from greater than 5% BWOW to about 
15% BWOW. In another embodiment, CaCl2 may be optionally present in an amount of greater 
than about 1% BWOC and alternatively in an amount of from about 1% BWOC to about 10% 
BWOC, alternatively from about 1% to about 5% BWOC. It will be understood witii benefit of 
this disclosure that amounts of NaQ and/or CaCl, outside the above-given ranges may also be 
employed . 

It will be understood with benefit of this disclosure that additives besides those listed 
above (including, but not limited to, any of the other additives listed herein), may be oiqiloyed 
wifli cement conyositions containing alumimmi silicate and aluminum sulfite. A few examples 
of such additives include, but are not limited to, silica flour (available &om BJ Services as "^-8*0 
as a fillff, lightweight ceramic spheres (available from BJ S^ces as 'XW-6") or nitrogen to 
reduce cement density, etc. Furthomore, although exemplary concntration ranges have been 
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given herein, it will be understood that any effectiye concentration range of one or more selected 
additives may be employed that is smtable for obtaining the benefit thereof. Besides use in 
cementing systems employed in permafrost or near pemiafrost conditions, the components 
described in the preceding paragraph may also be employed in cementing applications where 
temperatures encountered are greater than about 32T including, but not limited to, any of the 
other cementing systm embodiments described elsewhere hereia 

In the practice of the disclosed method, an aluminum silicate composition may be mixed 
with hydraulic cement to form an almninum silicate-containing cement syst^ or composition. 
To form an ahmunum silicate-containing cenrent slunry, an aluminum silicate-containing cement 
systffli may be mixed widi fiesh water, but may also be mixed with sea water or any other 
suitable aqueous-based fluid including but not limited to formation brine, KCl water, NaCl 
water, sea water, drill water, drilling mud or mixtures th^eof However, it will be understood 
with benefit of the present disclosure that one or more aluminum silicates may be added at any 
point in a cement sluny mixing process, including after a hydraulic cement has been mixed with 
an aqueous based fluid, and/or optionally mixed with an aqueous base fluid prior to mixing with 
a hydraulic cement 

The water requirement of a cCTient sluzxy may be varied to achieve desired density and 
pumpability. In this regard any amount of water suitable for forming an aluminum silicate- 
containing CCTient slurry suitable for placement in a wellbore may be employed. In one 
embodiment for controlling shallow water influx in a deepwater well, an ultimate cement slurry 
contains greater than about 40% sea water B WOC, and alternatively, from about 50% to about 
60% sea water B WOC, depending on desired pumpability. However, amounts of sea water less 
than about 40% are also possible* In this embodiment, an aluminum silicate-containing-cement 
slurry may have a relative d^isity of about 1.82 g/cm^ (152 Ibm/gal) and may be formulated 
with a slurry density of about 1 .2 g/cm^ (10 Ibm/gal) with a fre^sea water requirraient of about 
30%-325% BWOC, alternatively 100%-200%. However, it is possible to vary the slurry density, 
for exanq)le, to about 22 g/cm^ (19 Ibm/gal) with a jfiresh/sea water requirement of about 22% 
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BWOC FurthCTiore, weighting additives such as hematite may be used to increase density to, 
for example, about 2.2 g/cm^ (19 Ibm/gal) using lesser amounts of water. 

When used in one embodiment of the disclosed method, a cement slurry density may be 
fonnulated to be fiom about 8 Ibm/gal to about 19 Ibm/gal, alternatively &om about 8 Ibm/gal to 
about 15.0 Ibm/gal, alternatively fiom about 8 Ibm/gal to about 14 Ibm/gal, alt^natively from 
about 8 Ibm/gal to about 13 Ibm/gal, alternatively from about 8 Ibm/gal to about 12 Ibm/gal, 
alternatively from about 8 Ibm/gal to about 11 Ibm/gal, and finther alternatively fiom about 8 
Ibm/gal to about 10 Ibm/gal. In another embodiment, a coiat slurry density may be fonnulated 
to be fiom about 10 Ibm/gal to about 19 Ibm/gal, altonatively from about 10 Ibm/gal to about 
15.0 Ibm/gal, alternatively from about 10 Ibm/gal to about 14 Ibm/gal, alternatively from about 
10 Ibm/gal to about 13 Ibm/gal, alternatively from about 10 Ibm/gal to about 12 Ibm/gal, and 
ftirther alternatively from about 10 Ibm/gal to about 1 1 Ibm/gal. In y^ another embodhnent, a 
cement sluny density may be fommlated to be fiom about 12 Ibm/gal to about 19 Ibm/gal, 
alternatively fiom about 12 Ibm/gal to about 15.0 Ibm/gal, alternatively fiom about 12 Ibm/gal to 
about 14 Ibm/gal, and further alternatively fix>m about 12 Ibm/gal to about 13 Ibm/gaL However, 
any other slinry density suitable for use in a wellbore may be employed including less than about 
8 Ibm/gal or greater than 19 Ibm/gal, if so desired When necessary to achieve densities of the 
above embodiments, a system may be foamed with nitrogen gas or ofbCT suitable energizing 
phase to achieve lower densities, for exanq)le, to obtain densities as low as about 0.96 gf an? (8 
Ibm/gal). Other low density additives that may be employed to achieve lower densities inchide, 
but are not limited to, ceramic spheres, glass bubbles, etc. 

In one embodiment, one or n:u>re additives suitable for further decreasing transition time 
may optionally be ^ployed. Examples of such additives include gypsinn, calciimi chloride, 
sodium silicate, sodium metasilicate, or mixtures thereof. As a particular example, an alrnnmitm 
silicate-containing cement may include between about 1% and about 15%^ and altemativdy, 
between about 1% and about 10% gypsum BWOC, such as ''A-IO^ gypsum available fiom BJ 
Sovices. However, amounts greater than about 15% gypsum BWOC and less than about 1% 
gypsum BWOC are also possible 
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In embodiments of Ae disclosed mediods and compositicHis, other additives, including 
any suitable cementing additives known to those of skill in the art may be employed in the 
formulation of an aluminum silicate-containing cement sluny. Optional additives may be used, 
for esxsmple, to further vaiy characteristics of an aluminum silicate-containing cement sluny, 
inchiding to further vaiy viscosity, further control fluid toss, further immobilize water between 
particles, to finther impart variable Oiixotropic properties to a cement sluny, etc Examples of 
typical additives inchide» but are not limited to, accelerators, dispersants, viscosifiers, fluid loss 
control agents, set retardeis, low density additives, weighting agents, thinners, foamers, lost 
circulation materials, energizing gases (such as nitrogen gas, air, etc). Thus, an aluminum 
silicate-containing cement sluny may be fonnulated for a given situation to provide a reduced 
transition time while at tfae same time providing a density compatible with fimnation pressure 
gradients in order to avoid conent loss to the fimnation. For sample, embodiments of flie 
disclosed aluminum silicate-containing canent slunies typically may include greater amounts of 
accelerator additives for use in relatively cold downhole environments, and lesser amounts of 
such additives for use at relatively higher downhole temperature. 

hk embodiments of the disclosed method directed toward controlling fluid influx and, in 
particular, gas influx (including in wells with conventional wellbore bottomhole circulating 
temperatures of about 60*F and above) an aluminum silicate-containing cement slurry may 
conqnise a range of aluminum silicate amount m rdation to hydraulic ceznent as previously 
described herein, and may be varied with benefit of this disclosure depending on the desired 
slurry density. However, ^en particular suscqjtibility to gas intrusion is suspected, the amount 
of ahnninnm silicate in an aluminum silicate-containing cement composition may be selected to 
be from about 8% to about 12% BWOC. As in all emboduneots of the disclosed method and 
compositions, hydraulic cement type may be selected based on downhole conditions, such as 
tentporature, usii^ methods known in flie art witii benefit of this disclosure. 

A shmry embodiment for controlling fluid influx may also include optional cement fluid 
loss control additives, especially when low pressure or "thier zones such as illustrated in FIG. 3 
are suspected to be presoiL Examples of fluid loss control additives include, but are not limited 
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to, materials snch as hydroxyethyl cellulose CHEC*)* HEC blends, caxboxymethyl hydioxyethyl 
cellulose ("CMHEC), CMHEC blaids, polyethylene imine ('TEn, copolymers of acrylamide 
and acrylic acid, polyvinyl alcohol ('TVA*0, PVA bleods, etc. Such fluid loss control additives 
may be enq)loyed in an amount of from about 0.1% to about 3%, alternative^ &om about 0.1% 
to about 2%, and further alternatively in an amount of fiom about 0.1% to about 1.5% BWOC, 
although other amounts such as amounts greater than about 3% BWOC are also possible. Other 
additives as described elsev^diere herem may also be optionally employed. Ja one embodnncixt) 
ihe above described fluid influx control composition may be employed to control fluid influx 
and, for example gas influx, ia wellboies having bottomhole circulating tosperatures of greater 
than or equal to about dO^'F, and altonatively betwem about TO^'F and about 400''F, although 
benefits of such an embodiment may be realized at temperatures less ttian about 60^ or greater 
than about 400^F as well. 

Any additive/s suitable for controlling fluid flow may also be optionally eiiq>loyed 
including, but not limited to, polyvinyl alcohol-based anti-fluid flow additives. For exanq)le, in 
one OTibodiment a polyvinyl alcohol fluid flow additive (such as •'BA-IO'' available fitstn BJ 
Services) may be used in an amount of between about 0.1% and about 3.0%, alternatively from 
about 0.1% to about 1.5% BWOC, although other amounts are possible. 

Fluid loss control additives may also be optionally used. Such additives include any 
additive suitable for coutrolling fluid loss fixnn an aluminum silicate-containing cement sluxiy 
prior to setting. Examples of such additives mclude HEC, CMHEC, 2-acrylomido, 2*mediyl 
propane sulfonic add, C*AMPS*0 copolymers, or mixtures thereof In one embodiment, between 
about 0.1% and about 3.0%, and alternatively from about 0.1% to about 1.5% of fluid 
loss control additive BWOC (available &om BJ Services) is employed, although other amounts 
are also possible. 

Accelerators may also be optionally employed. In this regard, any accelerator additive/s 
suitable for well cemmting may be used including, but not limited to, caldmn chloride 
potassium chloride, sodium chloride, seawata, sodium silicate, sodium metasilicate, or mixtures 
thereof. In one embodiment, between about 0.1% and about 4%, altmiatively from about 0.1% 
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to about 2% of "A-T' calcium chloride BWOC (available from BJ S^ces) may be employed in 
fomulatiiig a sluny, although other amounts are possible. In addition to acting as an accelerator, 
calcium chloride may also serve as a freezing point depressant to lower the freezing point of 
water within a cement slmry, in some cases preventing freezing of a slurry during mixing and 
curing* This may be advantageous when cementing operations are performed in veiy cold 
environments, furttia' enabling the disclosed aluminum silicate and/or aluminum sulfrite* 
contaimng cement slurries to develop sufficient conq^iressive strengtiis without freezing. 

Any dispexsant additive/s suitable for &cilitating tiie mixing of wet and dry materials in a 
slurry and/or activating dry materials may also be used including, but not limited to, dispersants 
such as n^hthalene sulfonate, ethoxylated n^thalene sulfonate or acetone sulfonate. Such 
additives may be particularly useilil, for example, when lower water to cement ratios are 
employed. Li one embodiment, between about 0.1% and about 3%, altemadveiy from about 
0.1% to about 1.0% of acetone sulfonate, ethoxylated napdialene sulfonate, or naphthalene 
sulfonate (such as "CD-33," "CD-32" or **CI>-31", respectively, available from BJ Services) 
BWOC is used, although other amounts are possible. 

Low density additives may also be optionally employed. In this reg;ani, any additives 
suitable for lowering slurry density may be used including, but not limited to, sodium silicate, 
sodium metasilicate, hollow microspheres, or mixtures thereof hi one embodiment, between 
about 1% and about 75% BWOC, alternatively from about 1% to about 75% BWOC, 
alternatively from about 1% to about 50% BWOC, of a lightweight additive such as hollow 
ceramic microsphoes available as XW-fi*" (available &Gm BJ Sendees) may be employed in 
formulating a slurry, although other amounts are possible. 

Set retarders may also be optionafly used. Any set retardor composition suitable for 
retanfing or otiierwise delaying tiie setting of an alunmnun silicate-contaming cement, such as 
for increasing pumping time of a cement slurry, may be used. Examples include, but are not 
limited to lignosulfonates, sugars, phosphonates, or mixtures thmof hi one embodiment, 
between about 0.1% and about 3% BWOC, alternatively from about 0.1% to about 1.0% BWOC 
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of a sodium lignosulfonate cement retaider ^11-3" (available from BJ Services) may be employed 
as a set retarder, although other amounts are possible. 

By using additives in combinadon widi aluminum silicate and hydraulic cement, 
aluminum silicate-containing cement slurries may be fomiulated to possess desired 
characteristics, such as high early compressive strengdi, to fit particular applications at specific 
temperatures or ranges of tenqieratures, if so desired. In this regard, suitable additives include, 
but are not limited to, one or more of those additives mentioned elsewhere herein. For example, 
in one embodiment, an aluminum silicate-containing cement sluixy comprises between about 
30% and about 100% by weight of one cubic foot of hydraulic cement and fix>m about 1 to about 
40% of aluminum silicate B WOC. In this embodiment, the aluminum silicate-containing cement 
slurry possesses a transition time of b^een about 30 minutes to about 35 minutes, and a 
relatively high eariy compressive strragdi range of between about 50 psi to about 100 psi in less 
than about 10 hours, both measured at a ten:q>erature of firom about 45T to about 55^F. 

in another embodiment of the disclosed method, aluminum silicate may be used as a 
poz2x>lan replacement or extender in the formulation of hig^ strength, low density cements, such 
as may be used desired when cementing wellbores penetrating low pressure formations and/or 
formations susceptible to fonnation damage. In this regard, any amount of aluminum silicate 
suitable for in^arting increased strength to a relatively low density cement may be employed, 
including those aluminum silicate content ranges described elsewhere herein. However, 
sui[nisuigly good results are obtained using aluminum silicate-containxng cement compositions 
conqirising amounts of aluminum silicate greater than 10% BWOC. For example, fixmi about 
15% to about 60%, and alternatively, about 35% of ahnninum silicate BWOC may be employed 
to impart surprisingly improved compressive strengths for low density clients. Amounts of 
aluminum silicate less than about 10% BWOC and greater than about 60% BWOC may also be 
enq>loyed. Advantageously, this embodiment of the disclosed method provides cement 
compositions giving higher strengths at any given density over cement conq)ositions employing 
conventional extenders, such as pozzolan (fly ash) and/or bentonite. 
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In one embodiment, the disclosed aluminum dlicate-containing high strengdi, low 
density cements may be fonnulated to have a sluny density of betweoi about 1 L5 Ibm/gal and 
about 13.5 Ibm/gal, although densities less than about 11.5 Ibm/gal and greats than about 13.5 
Ibm/gal are also possible. Examples of such cement fomiulations and their characteristics are 
given in Example 8 and Tables 5 and 6. In formulating such high strength, low density cements, 
other extenders may also be present in a conent coniposition or slurry including, but not limited 
to, pozzolan {e.g.. Class C fly ash. Class F fly ash, etc.) and/or bentonite. Other advantages 
offered by the disclosed hi^ strength, low density aluminum silicate^ntaining cements of ttiis 
embodiment include reduced cost where sufficient viscosity may be obtained with reduced 
atnQimta or elimination of bentonite. Furthermore, when used as a pozzolan replacement, 
aluminum silicate may be added to a cement slurry after mixing, eliminating the need for 
extends pre-blending prior to adding water as typically required, for example, when pozzolan 
extenders are employed. This capability may be particulariy advantageous, for example, for 
cementing operations performed in remote locations where blending facilities are not available or 
easily accessible. It will* be understood with benefit of this disclosure that any of the aluminum 
silicate materials, cements and optional additives described elsewhere herein may be employed 
to mix or foimnlate high strength, low density cement shnxies for cementing wellbores using any 
suitable qierational mediods known in tiie art, including cementing at conventional and non- 
conventional tenqmatures, and in remedial or workover situations. 

It will be understood with the bmefit of this disclosure that a cement slurry may also 
contain other conventional additives including but not limited to additives for controlling free 
water or solid separation, silica fume, glass or ceramic microspheres, perlite, etc 

When so desired, a cCTient slurry may be foamed utilizing a foaming agent, optional 
stabilizer, and an energizing phase. In this regard, any foaming agent and/or stabilizer suitable 
for aeating a stable foamed aluminum silicate-containing cement may be employed in any 
amount suitable for obtaining a foamed cement slurry. In the case of salt water based cement 
slurries, examples of suitable foanoing agents mclude, but are not limited to, oxyalkylated 
sulfates or ethoxylated alcohol sulfates, or mixtures thereof. In one embodiment 'TAW-ZO"* 
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ethoxylated alcohol sulfate foaming agent available &om BJ Services is utilized. Suitable salt 
water stabilizers include, but are not limited to, polyvinyl alcohol, sodium silicate, or mixtures 
thereof. In one embodiment, a polyvinyl alcohol stabilizer known as "BA-10" and available 
from BJ Services is used, in the case of fresh water based cemcat slurries, examples of suitable 
foaming agoits include, but are not limited to, oxyalkylated sulfates or ethoxylated alcohol 
sul&tes, or mixtures thmof. In one embodiment TAW-2(r foaming agent available from B J 
Services is utilized. Suitable fresh water stabilizers include, but are not limited to, polyvinyl 
alcohol or sodium silicate, or mixtures thereof In one embodiment, '"BA-IO" stabilizer available 
from BJ Services is used. 

Any energizing phase composition suitable for fomiing a foamed aluminum silicate- 
containing CCTient may be employed including but not limited to gaseous material such as cazbon 
dioxide, nitrogen, compressed air, liquid petroleum gases (siich as liquefied natural gas and 
liquefied petroleum gas, ere), or a mixture thereof An energizing phase may be added to a 
mixture of cement, aqueous fluid, sur&ctant and stabilize. The sluny density may be controlled 
with benefit of this disclosure by adjusting the amount of energizing phase added to an unfoamed 
cement slurry. For example, in one embodiment the density of an aluminum silicate-containing 
cement sluity may be adjusted &om about 8 to about 15 Ibs/gal by adding fiom about ISOO to 
about 25 standard cubic feet (SCF) of nitrogen gas at standard conditions per band (bbl) of 
unfoamed cement slurry, although any otiier amounts suitable for obtaining a foamed cement 
slurry are possible. 

One or mate defoaming additives may also be optionally used witti ahuninum silicate- 
containing foamed cement slurries to prevent foaming during mixing and pumping of a foamed 
slurry. In this regard, any defoaming additive suitable for cementing operations may be 
employed inchiding, but not limited to, glycol, alcohols or silicones, or mixtures thereof In one 
embodiment *TP-12L*' defoaming additive available from BJ Services is enq>Ioyed m an amount 
of from about 0.01 to about 0.5 gallons per sack ("GPS**) concentration, and alternative^ fiom 
about 0.05 to about 0.1 GPS concentration, although odier amounts are possible. 
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In either salt water or firesh water based cement slunies, any suitable energizing phase, 
including but not limited to nitrogen, CO2, air or mixtures thereof may be oiployed in a 
sufficient amount to achieve the desired density of cement, for example, in an amount of between 
about 10 SCF/bbl and about 2000 SCF/bbl at standard conditions, and alternatively betwem 
about 100 SCF^bl to about 1000 SCF/bbl, although other amounts are possible. In one 
embodiment nitrogm is eoqiloyed. 

In one foamed salt water based cement embodiment, nitrogen may be employed with a 
cement conqx)sition comprising between about 40 and about 100% of ASTM Type 1 cement and 
fiom about 4 to about 6 of ''METAMAX** aluminum silicate, in combination witii *'CD*33'* 
acetone formaldehyde condensates, '^BA-IO** polyvinyl alcohol, ^'A-T** calcium chloride, and"A- 
2" sodium mctasiKcate (with "CD-33," ''BA-IO," "A-?,** and "A-2" being available from BJ 
Services). In this embodiment from about 0.01 GPS to about 0.5 GPS, and alternatively from 
about 0.05 GPS to about 0.16 GPS of 'TAW-20" foaming agent is employed with nitrogen in an 
amount of bebveen about 50 SCF/bbl and about 2000 SCF/bbl, and alternatively between about 
100 SCF^bl to about 1000 SCF/bbl, so as to achieve a foamed cement sluiry having a density of 
between about 8 and about 15 Ibm/gal, and alternatively between about 9 and about 13 Ibm/gal, 
although other nitrogen amounts and densities are possible. A polyvinyl alcohol stabilizer may 
also be employed in an amount of from about 0.1 to about 1.5, and alternatively from about 0.2 
to about 0.8. 

In one fresh water based foamed cement embodiment, the same types and amounts of 
nitrogen energizing phase, cement, aluminum silicate, and other additives described for a salt 
water based cement slurry are employed with a etfaoxylated alcohol sulfite foaming agent and a 
polyvin^ alcohol stabilizer. In this fresh water embodiment, the efhoxylated alcobol sul&te 
foaming ^ent may be present in an amount of from about 0.01 GPS to about 0.5 GPS, and 
altemadvely, fiom about 0.05 GPS to about 0.10 GPS, and the polyvinyl alcohol stabilizer 
presat m an amount of from about 0.1 to about U, and alternatively, from about 0J2 to about 
0.8, so as to achieve a foamed cement slmiy having a drasity of b^een about 8 and about 15 
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Ibm/gal, and alternatively, between about 9 and about 13 Ibm/gal, althou^ other nitrogen 
amounts and densities are possible. 

When a foam cemCTt sluny is employed to cement a conductor pipe in a deepwater 
completion, the dmsity of the foam cement slurry may be maintained so that the fiactming 
gradient of the near-surfoce fomation sum)unding the conductor pipe is not exceeded, hi this 
regard, the sluny density may be adjusted to be slightly above the fomiation pressure but below 
the firacturing pressure so as to prevent fluid influx during the cement transition time while at the 
same time maintaining control over die slurry. In this regard, a density of a foam cement shmy 
may be adjusted to be from about 1 to about 3 Ibm/gal above a density needed to equalize the 
formation pressure, although other densities may be used as desired. 

Embodiments of the disclosed method and compositions offer, among other things, 
cement slurries having the characteristic of developing suf&cient gel strength to resist or prevent 
influx of formation fluids during the transition time whea the sluny is static after placement in a 
weUbore. hi this regard, die non-foamed embodiment of the disclosed aluminum silicate- 
containing cement sluny described above develops a gel strength or yield point of greater than 
about 500 Ibfi^lOO fP within about 30 minutes of time of placement, thus reducing or 
substantially preventing fluid migration into a cem»t sheath from formations sunounding the 
wellbore. Other characteristics of the mifoamed cement embodiment includes punq> Hmflg at 
50°F of about 4-5 hours, transition times of about 35 mifnit«»fi or less, API fluid loss of less dian 
about 30 cubic centimeters (cc) fluid loss in 30 minutes, good con^ressive strengdi development 
at relatively short periods of time at temperatures of less than about 50®F, and little or no free 
water developm^t 

Likewise, the foamed cement sluny embodiments described above develop a gel strength 
or yield point of greater than about 500 Ml 00 within about 35 minutes of time of plac^ent, 
similarly redudng or substantially preventing fluid influx into die cement from the formation 
surrounding die wellbore. Other characteristics of the foamed cement embodiment includes 
relatively low densities, pump times at 50*T of about 4 to about 5 hours, transition times of about 
35 minutes or less, API fluid loss of less dian about 30 cc fluid loss in 30 mmnti*^ good 
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compressive strength development at reiadveiy short p^ods of time at temperatures of less than 
about 50% and little or no free water develofmient 

To further illustrate these and other advantages of the disclosed aluminum silicate* 
containing cemat systems^ Examples 1 and 2 are provided comparing both foamed and 
5 unfoamed embodiments of slurries formed using the disclosed ahmiinum silicate-containing 
cement systems with conventional foamed and unfoamed cement slurries, respectively. As 
indicated by the results of tiiese exanQ>les, embodiments of the disclosed cementing system may 
be well suited for» amount other things, use as shallow water flow inhibiting **tail'' slurries, as 
well as for use base cements whichmay be nitrified to produce lightweight '"filler^* slurries. 

10 In one embodiment, a foamed or unfoamed ceta&A sluny of hydraulic cement and 

aluminum silicate as described herein is utilized to cement a conductor pipe in a deepwatCT well 
completion. In such a completion, a conductor pipe may be positioned or placed in a wellbore 
drilled through a surface pipe which has been set through the mud line. In such situations an 
annulus is typically formed between the outside diameter of the conductor pipe and the interior 

15 diameter of the wellbore in which cement may be placed to isolate the formations exposed at the 
wellbore face. In this embodiment, a foamed or unfoamed aluminum silicate and/or atummum 
sulfitfe-containing cement slinty may be introduced by displacing die shnry down the interior of 
tfie conductor pipe and circulating the slmry around the end of the conductor pipe and into the 
wellbore conductor pipe annulus. SufBdent cement shiny may be punned through the 

20 conductor pipe and around and into the annulus so as to obtain cement returns at the sea floor. 
As described elsewhere herein, in one oibodiment sudi a cement slurry may be formulated and 
introduced into a wellbore only as a cementing material and neva used or circulated back out of 
the well for any other purposes, such as for use a drilling fiuid hi any case, the cement slurry 
may be preceding by a spacer fluid of the type known to tiiose of skill in the art which serves to 

25 displace and sabstantiaUy remove drilling mud preset in the wellbore prior to cement Once 
the aluminum silicateHX>ntainjng cement starry has been circulated around the bottom end of tiie 
conducts pipe, typically throu^ the annulus to the sea floor, the cement shmy may be 
maintained within die annuhis and allowed sufSdrat time to gain gel aiKi compressive strength. 
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By utilizing such an aluminum silicate^sontaining cement sluny, influx of fluids fiom the 
sunounding fonnation dming curing may be substantially prevented or reduced over 
convoitional cement slurries or compositions employed for this purpose. 

hi one embodiment for cementing casing in a wellbore (such as cementing a conductor 
pipe in a deepwater well completion), a relatively lower density alummum silicate-contauung 
cement "lead" sluixy is mitially punned down the mterior of the pipe and followed by a 
relative^ higher density alummum siUcate-contammg 'laiT shmy. hi such a cementing 
^Bcation, a sufBdent votomc of tail sluny may be pumped so that it may be di^laced around 
the shoe at the end of the job, and so that it may set up in the shoe joint hi such an embodiment 
the volume of the lead shmy may comprise between about 60% and about 80% of the total slurry 
pumped, with the tail shoiy conqinismg the remaming vohune, although the lead shmy may 
rq>resait a greater or lesser percentage of the total sluny pumped. In another embodhnent„ the 
lead slurry represents about 70% of the total sluny volume pumped, with the tail shmy 
representing the rest hi one embodimoit, tiie lead shmy may be an ahnnmmn silicate- 
contaming nitrified cement shmy (as described elsewhere herein) havmg a density of from about 
9 Ibm/gal to about 13 Ibm/gal, with the tail slimy being a non-nitrified alnmmiim alicate- 
containing cement slurry havmg a density of &om about 15 to about 16.2 Ibm/gal, aldiough other 
combmations of sluny densities are possible. In a one emhodhnent the lead sluny is finmulated 
with nitrogen and foammg agent as it is punned, with the nitrogen and foammg agent being 
discontinued after a desired amount of lead shmy has been pumped, the remaining sluny being 
pumped as the non-foamed tail sluny. 

Ahfaou^ suitably employed to cement pipe strings at relatively shallow dqpths in 
relatively cold tenqierature wellbore environments, sudi as deq)water completicms and m 
pcnnafijost or near pennafiost conditions, it will be understood with benefit of this disclosure (hat 
benefits of the disclosed conqxisitions and methods msy be obtamed in any wdlboie 
environment havmg relatively cold temperatures as described herem. For example, the disclosed 
foamed and unfoamed aluminum silicate-containmg cement shmdes and aluminum 
silicale/ahnninum sulfate-containing cement shmies may be enqiloyed m any cementing 
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operations perfonned under relatively cold downhole conditions (such as may be ^countered, 
for example, in arctic or other similarly cold environments), to reduce or substantially prevent 
fluid influx during curing, to decrease heat of hydration, and/or to allow a slurry to cure to a 
sufficient compressive strength^ for example, prior to freezing, hi this regard, it will also be 
understood that **cementing operations'' as used herein means any type of wellbore cementing 
application known in the art, including long string cementing lina* cementing, inflatable packer 
cementing^ squeeze cementing, etc. Such opmtions include, but are not limited to, drilling, 
completion and remedial cementing operations, including those perfomied on existing completed 
wellbores, as well as those cementing operations performed during weQ abandonment operations. 

Furthemaore, it will be understood witii benefit of this disclosure that although exemplary 
ranges and amounts of hydraulic cement, aluminum silicate, aluminum sulfate and/or other 
additives are described and illustrated herein, ai^ other amounts and combinations of these 
components and/or other additives may be suitably employed where the benefits of the disclosed 
aluminum silicate-containing cement systems and aluminum silicate/aluminum sul&te- 
containmg cement systems may be realized as described elsewhere herein. It will also be 
imderstood that although specific embodimrats of cementing procedures using aluminum 
silicate-containing cement slurries and aluminum silicate/aluminum sul£site containing cement 
slurries have been described herein, such shmies may be mixed, pumped, spotted, or otherwise 
introduced into a wellbore and/or wellbore annulus in any manner known to those of skill in the 
art Furthermore, such slurries may be formulated witii benefit of tbis disclosure in any suitable 
manner known to those of skill in the art including, but not limited to, by continuous mixing, 
batoh mixing, etc 

Using components described herein, a cement composition may be formulated in one 
CTibodiment with effective amounts of aluminum silicate and metal sulJ&te (such as aluminum 
sulfate) so as to have a heat of hydration (by weight of slurry) immediately after mixing of equal 
to or less than about 6 calories/second-kilogram (cai/sec-kg.) at 45^ alternatively equal to or less 
than about 5 calories/second-ldlogram (cal/sec-kg.) at 45^ alternatively equal to or less than 
about 4 calories/second-kilogram (ca]/sec-kg«) at 4S^ alternatively equal to or less than about 3 
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calories/second-kilogram (cal/sec-kg.) at 45^ and further alternatively equal to or l^s tiian about 
2 calories/second-kilogram (cal/sec-kg.) at 45. In another embodiment, a cement composition 
may be formulated with effective amounts of aluminum silicate and metal sulfate (such as 
aluminium sul£aite) so as to have a heat of hydration (by weight of sluxry) hnmediately after 
mixing of fiom about 1 to about 2 calories/second-kilogram (cal/sec-kg.) at 45'' F, alternatively 
of from about 1 to about 3 calories/second*kOogram (cal/sec-kgO at 45* F, alternatively of fiom 
about 1 to about 4 calories/second-kilogram (cal/sec-kg.) at 45"" F, alternatively of firom about 1 
to about 5 calories/second-kilogram (cal/sec-kg.) at 45® F, and further alternatively of from about 
1 to about 6 calories/second-kilogram (cal/sec-kg.) at 45® F. Such an aluminum silicate/metal 
sulfate composition may additionally or alternatively exhibit a heat of hydration (by weight of 
slmiy) at the point where a cement composition starts to change firom liquid to solid of less dian 
or equal to about 6 calories/second-kilogram (cal/sec-kg.) at 45" F, altennatively from about 1 to 
about 6 calories/second-kilogram (cal/sec-kg.) at 45® F. 

In anotiier embodiment, a cement con:q)osition may be formulated with effective amounts 
of aluminum silicate so as to have a heat of hydration (by weight of sluny) hnmediately after 
mixing of &om about 1 to about 3 calories/second-kilogram (cal/sec-kg.) at 45® F, attematively 
&am about 1 to about 2 calories/second-kilogram (cal/sec-kg.) at 45® F, and finther alternatively 
fix>m about 2 to about 3 calories/second-kilogram (cal/sec-kg.) at 45® F. Such a composition may 
be fommlated to have a heat of hydration (by weight of slurry) at the point where a cement 
coiiQiosition starts to change firom liquid to solid of less flian or equal to about 1 calories/second- 
kilogram (cal/sec-kg.) at 45® F, alternatively from about 0.5 to about 1 calories/second-kilogram 
(cal/sec-kg.) at 45® F. 

EXAMPLES 

The following examples are illustrative and should not be construed as limiting die scope 
of the invCTtion or claims thereof. 

The followmg examples wm p^onned using modified API cement testing equipment 
The testing equipment was modified used refrigeration units capable of simulating cold 
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temperatores, such as those found at the seafloor of deepwater offshore wells. Using this 
equipment, parameters such as thickening time, UCA compressive strength, fluid loss, free 
water, iheology, and static gel strength transition time were measured under seafloor conditions. 
API procedures that were followed were according to API Recommended Practice lOB, 22"^ 
Edition, December 1997. 



Example 1 

In the following example, one embodiment of an aluminum silicate-containing cement 
sluny was tested and compared to a conventional gypsum-containing cementing system. 
Characteristics of the conventional gypsum slurry (Slurry #1) and a slurry embodiment 
employing aluminum silicate (Slimy #2) are presented in Tables 1 and 2. Components of the 
sluny systems are Usted in Table 1. Slurry properties, testing conditions, and compressive 
strength information is presented in Table 2. 



Table 1 ■ Slurry Component Data 
(All Percentages givm are BWOQ 



SLURRY #1 


SLURRY #2 


Holnam Type 1 Cement 
5% "A-ICT gypsum 
0.8% "CD-32** ethoxylatcd 
naphthalene ailfimate dispersant 
0.4% polyvinyl alcohol 


Hohiam Type 1 Cement 

5% "hAElAMAXr aluminum siHcate 

0.6% ''CD-33** acetone finmalddiyde dispersant 

0.4% "BA-10" polyvinyl alcohol 

0.5% "A-T** calcium chloiide accelerator 

0.2% **A-2'* sodium metasilicate 



Table 2 ■ Slurry Properties and Test Results 



Shirry Properties 


Slurry #1 


Shirry #2 


Density, ppg 


15^ 


152 


Yield, caSU^ 


1.34 


1J4 


Mixing water, gal/sk. 


6.08 


6.06 


Watertype: 


SEA 


SEA 


Thickening Time @ SO°F (his.) 


3 tars, 3 min. 


3 his, 39 min. 


Free Water @ 50"F (mis.) 


Trace 


Trace 
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Slurry Properties 


Slarry #1 


Shirrv#2 


Fluid Loss @ 50*F (ml/30 min) 


22 


20 


Comoressive Strength (St 50^F ^Dsi) 






Time to 50 nsi 


Q Htr 5S TniTi 


ft lire ^1 min 


Time to 500 nsi 

X JXU.V l>w wV/ |/0A 


iiidy *t/ Rnn. 


^ 1 IllSy ^ / ■"iTl^ 


^2) 3000 osi curinff "oressure^ 




OKA 








300 RPM 


126 


100 

X w 


200 RPM 


102 


82 


lOORPM 


76 


64 


6 RPM 


50 


49 


3RPM 


40 


38 


600 RPM 


192 


154 


Plastic viscosity ('T ^T) 


66 


54 


Yield Point ("YP") 


60 


46 


rrransition Time (''MACS'' Results @ 66»F) 


3S 


32 miiL 



* . Transition time of cement from 100#/100fP gel straigth to 500#/100 fP gel strength as 
detemiined by a 'MACS" analyzer, available from Halliburton. 



FIG. 1 and FIG. 2 show the development of conqnressive stmgtfa ova* time (dming 
curing) for SliiiTy#l and Slurry #2, respectively. Coixq)ressive strmgth was measured at 
3000 psi and SO^F using an ultrasomc cement analyzer. As can be seen in Table 2, Slurry m 
which includes aluminum silicate according to one of the disclosed embodiments, and methods 
shows fiister development of conq}ressive strength over conventional Stmry #1 ii^ch incfades 
gypsunL For example. Slurry #2 develops a compressive strengtii of approxi mately 1200 psi 
after 1.6 days as compared to a p p roxim ately 1000 psi for Shmy #1, which requires 
approximately 1.9 days to develop a 1200 psi compressive strength. This represents an increase 
of about 20% in conqiressive strengdi at 1 .6 days for the aluminum silicate-containing Slurry #2. 

The above test results show that the disclosed aluminum silicate-containing cement 
compositions (Slurry ^) gives enhanced earfy compressive strength development compared to 
gypsum-containing cements (Slurry #1), iK^e at the same time possessing a longer tfaidcening 
time. Longer ttickening times offer mcreased pumping time which may be advantageous, for 
exanq>le, when performing relatively large cement jobs such as cementing large shallow casing 
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strings (e.g.. 20 inch diameter or latger). Sluzxy #2 also exhibits a shorter transition time, as well 
as a shorter time to SO psi and 500 psi compressive strengths, tfian does Slurry #1 . Furdiennore, 
as can be seen in Table 2 aluninum silicate-containing cement Sluny #2 has lower sluny 
iheologies than the gypsum-containing Sluny #1, making it easier to mix than conventional 
slunies. 

Example 2 

In Example 2^ a conventional foamed cement sluny (Sluiry #1) was conq)aied to one 
embodiment of a foamed aluminum silicate-containing cement slurry (Slurry #2). Components 
of Slurry #1 and Slurry #2 are given in Table 3, and sluny properties, testing conditions, and 
conq>ressive strragth iiifonnaticm are given in Table 4. 



Table 3 - Foamed Slurry Component Data 
(IMless indicated otherwise, all percentages given are B WOC) 



SLURRY #1 
(Foamed to IIPPQ 


SLURRY #2 
(Foamed to 11 PPG) 


Holnam Type 1 Cement 
5% "A-10" gypsum 

0.8% edioxylated naphthalene 
sulfonate disposant 
0.4% 'SA-IO" polyvinyl alcohol 
0.75% of TAW-aO" elhoxylaled 
alcohol by weight of sluny ("BWOS^ 
sul&te foaming agent 


Holnam Type 1 Cement 

5% •'METAMAX" Alummum Sificate 

0.6% "CD-33" acetone fonnaldefayde 

condensate 

0.4% "BA-10" polyvinyl alcohol 

0.5% **A'T* Calcium diloride accelerator 

0.2% "A-2" sodium metasilicatc 

0.75% *TAW-20" ethoxylated alcohol sul&te 

foaming agent BWOS 



Table 4 ■ Foamed Slurry ProPCTties and Test Results 



Slnrry Properties 


Slurry #1 


Slnrry#2 


Unfoamed Density, ppg 


15.2 


152 


Foamed Density, ppg 


11 


11 


Yield, cu.fL/sk. 


1J4 


1.34 


Mixmg water, gal/sk. 


6.08 


6.06 


WatCTtype: 


SEA 


SEA 


Thickening Time @& 50**? (his.) 


4 hrs, 13 min. 


4hr5,28min. 


Compressive Strength at 72 hrs., psi (measured @ 
3000 psi caring pressure) 


148 


282 


^Transitioii Time C*MACS" ResnUs @ 66«F) 


38 min. 


39 min. 
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* - Transition time of cement fiom 100#/100fl^ gel strength to 500#/100 ft^ gel strength as 
determined by a 'MACS'* analyzer, available firom Halliburton. 



The results of Example 2 show that foamed aluminum silicate-containing cement Slurry 
#2 gives a 90% increase in early conq>ressive strmgth development over conventional foamed 
cement Sluxiy #1 while, at the same time, ofifering a tfaickoing time that is slightly greater than 
the thickening time of Sluny #1 . 

Examples 3-8 - Aluminum Silicate-Containing Cements 
For Gas Intrusion Control 

Gas flow model curves and thickening time test data were detemiined for embodiments 
of the disclosed method using cement slurries prepared for gas intrusion control. 

For Examples 3-8, a gas flow model was constructed to simulate a typical well 
configuration in which a cement slurry is exposed to its own hydrostatic pressure, a pressurized 
gas formation, and a lower pressure permeable zone, such as the situation illustrated in FIG. 3. 
A simplified schematic of the gas flow model is shown in FIG. 4. The gas flow model consisted 
of test cell 50, heating jacket 52^ pressurized nitrogen gas source 54, pressure ti^ansducers 56, and 
(not shown) load cells, a linear variable differential transducer C^LYDTO, a data acquisition unit 
(DAU**), and a coctqputer. The test cell 50 omsisted of test cylinder 70, top bead assembly 72, 
floating piston 74, bottom assembly 76 and back pressure regulator 78. 

For each example, the floating piston 74 was fitted with a 325 mesh stainless steel scxcen 
or core 80 (depending on the requirements of the run) and loaded into flie test cylinder. Nitrogen 
gas pressure 54 was then applied to the screen or core 80 to simulate a gas bearing zone* The top 
head assembly 72 was then fitted into the top of the test cylinder 70 and hydraulic oil pressure 82 
zpphed to the top of the piston to represent sluny hydrostafic pressure. 

Next, each slurry design was mixed according to API Spec 10 and conditioned in an 

atmospheric or pressurized consistometer. After conditioning each sluny 100 was transfened 

into the gas flow model and a 325 mesh fluid loss screen 90 was loaded into the bottcon assmbly 

76 of the test cylinder. A back pressure regulator 78 was connected to the bottom assembly 76 to 
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represent a low pressure permeable formatioa The test cell assembly was installed into the pre- 
heated jacket 52 and a hydrostatic pressure 82 of 1000 psi, gas pressure 54 of 500 psi, and back 
pressure 78 of 300 psi were ^Ued during each run. Hydrostatic pressure, cement pore pressure, 
piston movemwt, t^perature, filtrate volume, water volume diq)laced by filtrate and/or gas 
volume were automatically monitored using the computer. Test data, including cement pore 
pressure, filtrate volume, water displaced by filtrate and/or gas volume are reflected in the 
attached gas flow model graphs (FIGS. 5-12). 

Using the gas model, cement pore pressure of each shmy sample begins decreasing over 
time with curing. However, when gas intrusion occurs into the curing cement, the cement pore 
pressure typically stops dropping and instead may inoease (sometimes as a spike upward in the 
pore pressure) as may be seen in the data recorded in Comparative Example B (FIG. 12), 
rejQecting the pressure of the invading fluid. When water displaced by filtrate is presented 
(FIGS. 7*10), gas intrusion will be evidenced by an increase m value of the water displaced by 
filtrate curve relative to the filtrate volume curve, indicating water displacement by gas. When 
the valve of water displacement by filtrate remains below the filtrate voliune, no gas intrusion is 
indicated. Whether an inoease is seen in pore pressure or not, gas intrusion into the slurry will 
typically be reflected by an increase in gas volume when this curve is presented, as may be seen 
in the data recorded in Comparative Examples A and B (FIGS. 11 and 12). 

Exan^leS 

V 

In this example, an aluminum silicate-containing cement sluny was prepared using Inland 
Class G Cement formulated with 10% ''METAMAX" abminum silicate BWOC, 1.0% *TL-20" 
HEC-based flnid loss additive BWOC, 0.3% ''CD-3r napthalene sulfonate dispersant BWOC, 
and 0.2% ^'R-S'* sodium lignosulfonate cement retarder BWOC. The slurry was mixed to have 
density of 1S.8 ppg and a yield of 1.25 ft^ /sack, using S.30 gallon/sack of firesh water. 

Results of the gas flow model testing on this slurry perfomied at 167 ''F are presented in 
FIG. 5. As may be seen in FIG. 5, the cmient pore pressure fell to less than 100 psi. 
Thickening time for diis sluiry was 4:26 hours at 167 ^F. As exhibited by the decline in pore 
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pressure, the results of this cxBxaple indicate that substantially no gas intrusion into the sample 
occurred. 

Emmple4 

In this example, an aluminum silicate-<x>ntaimng cement slurry was prq>ared using UBE 
5 Qass G Cement foimulated with 10% "^TAMAX^ aluminum silicate BWOC, 1.0% 'TL-20" 
HEC-based fluid loss additive BWOC, 03% XD-Sl" napfhalene sulfonate dispersant BWOC, 
and 035% '"R-l'* lignosulfonate cement retarder BWOC. The sluny was mixed to have density 
of 15.8 ppg and a yield of 1.25 /sack, using 5.30 gallon/sack of fresh water. 

Results of the gas flow model testing on diis slurry performed at 167T are presented in 
10 FIG. 6. Thickening time for this slurry was 3:26 hours at 167°F. As exhibited by the decline in 
pore pressure, the results of this example indicate that substantially no gas intrusion into the 
sample occurred. 

Example 5 

In this exaniple» an aluminum silicate-containing cement slurry was prepared using Class 
IS H Cement formulated with 8% **METAMAX" aluminum silicate BWOC, 35% '*S-8C' coarse 
silica sand BWOC (available fiom BJ Services), 50% hematite BWOC, 1.75% "EL-20- HEC- 
based fluid loss additive BWOC, 0.2% 'H-S" sodium lignosulfonate cement retarder BWOC, and 
0.2% ^CD-31** n^flialene sulfonate dispersant BWOC. The slurry was mixed to have a density 
of 1 8.5 ppg and a yield of 1 .67 ft^ /sack, using 5 .88 gallon/sack of fresh water. 

20 Results of the gas flow model testing on this sluny performed at 225^F are presented in 

FIG. 7. Thickening time for this slurry was 5:03 hours at 225**F. As exhibited by the decline in 
pore pressure and the fact that the water displaced by filtrate remains less than the filtrate 
volume, the results of this example indicate that substantially no gas intrusion into the sanq)le 
occurred. 



Example 6 



In this example, an aluminum silicate-containing cement slurry was prepared using Class 
H Cement foraiulated with 12% **METAMAX" aluminum silicate BWOC, 35% **S-8*' silica 
flour BWOC, 0.4% XP-3r* napthalene sulfonate dispersant BWOC, 50 gallons pec hundred 
sacks C'GHS'O of AMPS fluid loss additive, and 5.5 GHS of '11-15L" Ugnosulfonate 
liquid cement retarder (available from B J Services). The slurry was mixed to have a density of 
16.5 ppg and a yield of 1.50 /sack, using 5.56 gallon/sack of fresh water. 

Results of the gas flow model testing on this slurry performed at 2657 are presented in 
FIG. 8. Thickening time for this slurry was 3:36 hours at 265°F. As exhibited by the decline in 
pore pressure and the fact that the water displaced by filtrate ronains less than the filtrate 
volume, the results of this example indicate that substantially no gas intrusion into the sample 
occurred 

Example 7 

In this example, an aluminum silicate-containing cement slurry was prepared using Class 
H Cement formulated with 8% '"METAMAX** ahuninum siUcate BWOC, and 1.0% 'TL-19'' 
HEC-based fluid loss additive BWOC (available fiom BJ Services). The slurry was mixed to 
have a density of 16.2 ppg and a yield of 1.17 ft' /sack» using 4.77 gallon/sack of fiesh wator. 

Results of the gas flow model testing on this slurry performed at 120T are presented in 
FIG. 9. Thickraing time for fliis slurry was 4:51 hours at 1207. As exhibited by the decline in 
pore pressure and the fact that the water displaced by filtrate remains less than the filtrate 
volume, the results of this example indicate that substantially no gas intrusion into the sample 
occurred. 

Example 8 

In this example, an aluminum silicate-containing cement slurry was prepared using La 

Farge Class G Cement formulated with 10% ''METAMAX'' aluminum silicate BWOC, 1.0% 

BWCX: polyvinyl alcohol-based fluid loss additive BWOC (available fiom BJ 
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Services), and 0.2% sodium metasilicate BWOC. The slurry was mixed to have a density 
of 15.8 ppg and a yield of 1.25 /sack, using 5.30 gallon/sack of fresh water (or 47.03% 
BWOC). 

Results of the gas flow model testing on this sluriy performed at 807 are presented in 
FIG. 10. The results of this example indicate that substantially no gas intrusion into tiie sample 
occurred As ^diibited by Ike decline in pore pressure and the fiict that the water displaced by 
filtrate remains less than the filtrate volume, the results of this example indicate that substantially 
no gas intrusion into the sample occurred. 

Comparative Examples A and B — Gas Intrusion in Conventional Cements 

The gas flow model of FIG. 3 was used to evaluate gas intrusion diaracteristics of two 
conventional cement slunies in comparative examples A and B. 

Comparative Example A 

In ttiis example, a convCTtional cement slurry was prq>ared using La Farge Class G 
Cement fomiulated with 1.2% "FL-62" polyvinyl alcohol-based fluid loss additive BWOC, 03% 
**CD-32" ethoxylated naphthalene sulfonate dispersant BWOC, and 5.0% sodium chloride. The 
slurry was mixed to have a density of 15.9 ppg and a yield of 1.17 ft^ /sack, using 4.96 
gallon/sadc of fiesh water. 

Results of the gas flow model testing on this sluixy performed at 80°F are presCTted in 
FIG. 11. As may be sea in FIG. 11, the cement pore pressure fell to below about 400 psi. 
However, gas volume rose to above about 500 cc. The results of this example indicate that gas 
intrusion into the conventional cement sample occurred. 

Comparative Example B 

In this exan^)le, a conventional cement slurry was prq)ared using La Farge Class G 
Cement formulated with 0.7% *TH9" HEC-based fluid loss additive BWOC, 7.0 GHS "AOL" 
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liquid sodium silicate, and 2.0 GflS defoamer. The slurry was mixed to have a density 

of 1S.9 ppg and a yield of 1.14 fl^ /sack, using 4.96 gallon/sack of fresh water. 

Results of the gas flow model testing on this slurry performed at SOT are presented in 
FIG* 12. As may be seen in FIG. 12, the cement pore pressure fell to below about 450 psi, but 
spiked iq[>wanl to close to 500 psi at 3 hours. In addition, gas volume rose to above about 700 cc. 
The results of this example indicate that gas intrusion into the conventional cement sample 
occurred. 

Example 9 

In this example, po235olan (fly a^)-containing and ''NfETAMAX'* aluminum silicate- 
containing cements were con^ared. Bentonite was added to pozzolan (fly a^*CQntaining) 
slmries whore necessary to obtain sufficient viscosity. Components, amounts, and 'mixing 
characteristics of each sluny mix are listed in Table 5. Curing characteristics of each mix are 
listed in Table 6. The slurries were evaluated at temperatures ranging from SO^'F to 125^F. Mix 
No. 3 was prehydrated and shows similar thidcening times as Mix No. 2. 

As may be seen in Table 6 for any given mix ratio and/or density, the aluminum silicate-- 
containing cemot slurry gave increased compressive strength over similar low density slmries 
containing fly ash at 24 hours, 72 hours, and 21 days. Furtliemiore, the aluminum-silicate 
containing CCTient compositions had reduced permeability when compared to comparable cement 
compositions containing no aluminum-silicate. In this regard, permeability of set cement to 
water flow was determined using API Recommended Practice lOB, 22"^ Edition, December 1997 
(section 11.5). 

Comparing Mix No. 1 and Mix No. 2, for example, shows that increased compressive 
stroigth was obtained with the alununum silicate-containing sluny Mix No. 2 over the pozzolan- 
containing Mix No. 1. Furflimnore, Mix No. 2 had very similar sluny ifaeologies as Mix No. 2, 
but with much less firee water and no bentonite required. 
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Examples 10 and 11 - Heat of Hydration and Compressive Strength of Aluminum 
Silicate/Aluminum Sulfate-Containing Cements 

In Examples 10 and 11, heat of hydration and compressive strength were 
detemiined for embodiments of the disclosed cement compositions that contain 
aluminum silicate, and for embodiments containing aluminum sul&te and aluminum 
silicate, as well as for conventional gypsum-containing cement compositions. UCA 
conqiiessive strength data was obtained using API RP lOB, section 8.1. 

In Example 10, heats of hydration for a conventional gypsum-containing cement 
and an aluminum silicate-containing cement composition were respectively detemiined 
using a cement biocalorimeter (a **Seebeck Envelope Calorimeter" C^SEC") manufactured 
by Thennonetics Corporation, San Diego, Ca). 

In Example 11, compressive strength values for a conventional gypsum- 
containing cement and an aluminum silicate/aluminum sul&te-containing cement 
conq>osition were respectively detemiined after freeze-thaw testing using the procedure 
of API RP lOB, section 14.6. 

Exanqfie 10 

In the following exanq>le, heat of hydration for one embodiment of an aluminum 
silicate-containing cement composition was determined and compared to a conventional 
gypsum-containing CCTimt system (commercially available as "Cold Set IT fiom BJ 
Services). Characteristics of the conventional gypsum conent composition (Slurry #1) 
and the aluminum silicate cement composition (Sliury #2) are presented in Tables 7 and 
8. Components of the slurry systems are listed in Table 7. Slurry properties, testing 
conditions, etc. are presented in TableS. As may be seen fiom Table 8, Slurry #2 
«hibited a heat of hydration measured at 45^F (immediately after mixing) of between 
about 2 and about 3 Calories/Sec<md-kg (by weight of sluny), and a heat of hydration 
measured at 45^F (at start of change ftom liquid to solid) of between 0 and about 1 
Calories/Second-kg (by weight of slurry). 



Table 7 - Slurry Component Data 
(All percentages of cemmt conq)ositi(m con^onents given are BWOC) 



SLURRY #1 ("Cold Set BT) 


SLURRY #2 


26.04 lbs Class G cement 

44.44 lbs gypsum (A-10) 

3.88 lbs gilsonite 

0.08 lbs. R.7 Cold Set Retaider 

031 lbs. CD-31 Njq>tfaalene Sulfimic 

Acid 


Type I Cement 

30% "MPA-r ("METAMAJTO metakaolin 
15% "S-8"siUca flour 
15%BW0WNaCl 

0.3% "CD-32" etfaoxylated mqstlialene sulfonate 
dispersant 



Table 8 - Slurry Properties and Test Results 



1 Slurry Propoties 


Sluny#l 


Slurry #2 


Densily, ppg 


14.9 


14.9 


^leld, cuA/sk. 


0.96 


1.97 


Mixmg water, gal/sk. 


3.89 


8.71 


Water type: 


Fresh 


Fresh 


Heat of Hydration (Calories/Second-kg 
by weight of slnrry) 






©TST (immediately after mixing) 


62.68 


15.19 


@45'*F (munediately after mixing) 


6.094 


2.285 


@45«F (at start of change from 
liquid to solid) 


1J46 (after 3 hours, 
27 minutes) | 


0.961 (after 4 
hours, 8 minutes) 



Example 11 

In the following example, compressive strength of one embodiment of an 
aluminum silicate/aluminum sulfate-containing cement conq>osition having CaCl, was 
detemiined and conqiared to a conventional gypsum-containing cement system 
(commerciaay available as "COLD SET HT fiom BJ Services). Characteristics of the 
conventional gypsum cement con^sition (Shmy #1) and the aluminum 
silicate/aluminum sul&te cemoit conqiosition (Sluny #2) aie presented in Tables 9 and 
10. Componeiits of the slurry systems are listed in Table 9. Sluny properties, testing 
conditions, etc are presented in Table 10. 



Table 9 - Slurry Component Data 
(All percentages of cemrat composition con^nents given are BWOC) 



SLURRY #1 ("COLD SET m**) 


SLURRY #2 


26.64 lbs Class G canent 

43.40 lbs gypsum 

10.54 lbs CaCl, 

2.5 lbs Gilsonite 

0.257 lbs "AG.21R" guar gum 

suspension agent 

4 lbs. **A-2" sodium metasilicate 

1J25 lbs lime 

0.13 lbs *^-T* cold set retarder 


Class G Cement 

30% "MPA-r* metakaolin 

7% Aluminum sulfite 

3%"A.rCaa, 

3% '*A-2" sodium metasilicate 

15% "A-5" NaCl BWOW 

0.3% "CD-32" ethoxylated napthalene sulfonate 

dispersant 



Table 10 - Slunrv Properties and Test Results 



jSluiTy Properties 


Slurry #1 


Slurry #2 


Density, ppg 


12.2 


12.2 


Yield, cuit/sk. 


1.9 


3.49 


1 Mxing water, gal/sk. 


10.53 


19.5 


1 Water type: 


fresh 


fresh 


UCA Compressive Strength @ 50°F (paS^ 






Time to 50 psi. 


5 hours, 13 minutes 


12 hours, 40 
minutes 


UCA Compressive Strength at 24 Ins., psi 
(measured @ 2000 psi curing pressure) 


90 


96 


UCA Compressive Strength at 42 his., psi 
(measured @ 2000 psi curing pressure) 


129 


175 


UCA Compressive Strength at 96 hrs., psi 
(measured @ 2000 psi curing pressure) 


197 


360 


UCA Caaqnessive Strength at 137 hrs., psi 
(measured @ 2000 psi curing pressure) 




669 


UCA Compressive Strength after First 
Freeze-Thaw, psi (measured @ atmospheric 
pressure) 




1190 


UCA Compressive Strengtti after Hiini 
Frea»-Tliaw, psi (measured @ atmospheric 
pressure) 




1308 


Heat of Hydration (Calories/Second-kg 
by weight of slurry) 







1 ©45**? (immediately after mixing) 


10.93 


5.60 


1 (^S^F (at start of change &om 
\ liquid to solid) 




5.50 (after 19 
hours, 24 minutes) 



As may be seen &om Table 10, Slurry #2 exhibited a heat of hydration measured 
at 45T (immediately after mixing) of between about 5 and about 6 Calories/Second-kg 
(by weight of sluny), and a heat of hydration measured at 45**F (at start of change ftom 
liquid to solid) of between 5 and about 6 Calories/Second-kg (by weight of shmy). 

As indicated by the test results of Example 10, aluminum silicate-containing 
cement conq>ositions exhibit improved heat of hydration properties and compressive 
strraigth development compared to conventional systems. As shown by the results of 
Example 11, combination of aluminum silicate with aluminum sulfate results in a 
composition having improved compressive strength after 24 hours, or at times greater 
than 24 hours, while at the same time having a heat of hydration comparable to or less 
than a conventional cement conqiosition, even when containing CaCls. The freeze-thaw 
cycle test results draionstrate the suitability of aluminum silicate/aluminum sulfate 
systems for use in pennafix>st environmoits, achieving a compressive strengOi of greater 
than about 1 100 psi after a first fteeze-thaw, and greater than 1300 psi after a third freeze- 
thaw. 

Although particular exemplary embodiments of the disclosed compositions have 
been desaibed and illustrated herein, it will be understood with benefit of this disclosure 
that benefits of the disclosed canent compositions and cemoiting methods may be 
realized in any type of wellbore cementing plication, including in conq>letion, 
remedial, woikovor, and/or abandonment cementing apphcations using cementing 
methods known in the art Examples of specific qjplications include, but are not limited 
to, cCTienting casing and liner strings, inflatable packers, squeezing pecfoiations and 
casing leaks, eta 



While the invention may be adaptable to various modifications and alternative 
fonns, specific embodiments have been shown by way of example and described heroin. 
However, it should be understood that the invention is not intended to be limited to the 
particular forms disclosed. Rather, the invention is to cover all modifications, 
equivalents, and alternatives falling within the spirit and scope of the invention as defined 
by the appended claims. Moreover, the different aspects of the disclosed compositions 
and mediods may be utilized in various combinations and/or independently. Thus tihe 
invention is not limited to only those combinations shown herein, but rather may include 
other combinations. 



WHAT IS CLAIMED IS: 



1 . A method of cementing within a wellbore, comprising: 

introducing a cement slmry comprising e£fective amounts of hydniutic cement, 
aluminum silicate and metal sul&te into a wellbore; and 

allowing said cement sluiry to cure within said wellbore. 

2. The method of claim 1, wherein said metal sulJ&te comprises at least one of 
aluminum sulfitfe, f«rric sulfate, or a mixture thereof 

3. The method of claim 1 , wherein said metal sulfate comprises aluminum sul&te. 

4. The method of claim 3, wherein said cement slurry is formulated fiom a cement 
composition comprising greater than or equal to about 50% Portland cement by weight of 
total dry blend prior to addition of water, and wherein said cement slurry contains 
effective amounts of aluminum silicate and aluminum sulfite such that said cement sluny 
exhibits a corrqiressive strength of greater than about 90 psi as measured at 50°F at 24 
hours, in combination with a heat of hydration of equal to or less than about 6 CalVSec- 
kg (by weight of slurry) as measured at 45 *T immediately after mixing. 

5. The method of claim 4, wherein said cemmt slurry has a slurry density of about 
12.2 ppg or greater. 



6. The method of claim 4, wherein said cement slurry exhibits a thickening time to 
100 Be of fiom about 2.5 hours to about 5.5 hours as measured on a HTHP consistometer 
at the bottom hole circulating temperature of said wellbore. 



7. The method of claim 4, wherein said cement sluny contains substantially no 
gypsum. 



8. The method of claim 3, wherein said cement sluny substantially prevents 
intrusion of fliiids into said wellbore prior to and after setting of said cement sluny. 

9. The method of claim 3, wherein at least a portion of said cement slurry is allowed 
to cure at a traiperature of less dian or equal to about 32''F within said wellbore. 

10. The method of claim 3, wherein said aluminum silicate comprises at least one of 
kaolin, metakaolin, halloysite, dickite, namte, or a mixture thereof 

1 1. The method of claim 3, wherdn said aluminiun silicate comprises metakaolin. 

12. The method of claim 3, i^mm said aluminum silicate conqmses high reactivity 
metakaolin. 



13. The method of claim 3, wherein said CCTient slimy cures to have a compressive 
strength of greater than or equal to about 1 100 psi after freeze-thaw testing at atmospheric 
pressure per API RP lOB, section 14.6 (December, 1997). 

14. A method of cementing within a wellbore, comprising: 

introducing a cement slurry comprising effective amounts of hydraulic cement, 
high reactivity metakaolin, and aluminum sulfate into a wellbore; and 

allowing said cement shmry to cure within said wellbore; 

wherein said cement sluixy is formulated from a cement composition comprising 
greater than or equal to about 50% Portland cement by weight of total dry 
blend prior to addition of wat^. 

15. The method of claim 14, wherein said cement sluny comprises from about 1% to 
about 75% of high reactivity metakaolin BWOC; and from about 1% to about 10% of 
aluminum sulfate B WOC. 

16. The method of claim 15, wherein at least a portion of said cement is allowed to 
cure at a temperature of from about lO^F to about 32T. 

17. The me&od of claim 15, wherein said cement sluny contains efTective amounts of 
aluminum silicate and high reactivity metakaolin such diat said cement sluny exhibits a 
compressive strength of greater than about 90 psi as measured at 50^F at 24 hours, in 



combination with a heat of hydration of equal to or less than about 6 Cal./Sec-kg (by 
weight of sluny) as measured at 45°F immediately after mixing. 

18. The method of claim 17, wherein said cement sluny has a sluity density of from 
about 12^ i^g to about 18 ppg. 

19. The mettiod of claim 18, wh^ein said cement slurry exhibits a thickening time to 
100 B« of from about 2.5 hours to about 5.5 hours as measured on a HTHP consistometer 
at die bottom hole circulating temperature of said wellbore. 



20. The method of claim 18, wherein said cement slurry contains substantially no 
gj^psum. 

21. The method of claim 15, wherein said cement slurry substantially prevents 
intrusion of fluids into said wellbore prior to and after setting of said cement slurry. 

22. The method of claim 15, wherein said cement slurry ftortfaer comprises frcmi about 
1% to about 20% of NaCI BWOC; and from about 1% to about 5% of CaClj BWCX:. 

23. The method of claim 15, wherein said cement slurry cures to have a compressive 
strengdi of greater tiian or equal to about 1100 psi after freeze-thaw testing at atnioq)Iieric 
pressure per API RP lOB, section 14.6 (December, 1997). 



24. The method of claim 19, wherein said cement slimy further comprises fiom about 
1% to about 20% of NaCl BWCX:, and fiom about 1% to about 5% of CaCl^ BWOC; 
wheiein said cement shiny cures to have a compressive strengtti of greater than or equal 
to about 1100 psi after fieeze-diaw testing at atmospheric pressure per API RP lOB, 
section 14.6 (December, 1997); and wherein at least a portion of said cement sluny is 
allowed to cure within said wellbore at a temperature of less than about 32^F. 



25. A well cementing composition comprising: 

hydrauUc cement, high reactivity metakaolin, and aluminum sidfitte; 

wherein said hydraulic cement, said high reactivity metakaolin and said aluminum 
sulfate are present in said composition in amounts effective to formulate a 
wellbore cemait 

26. The composition of claim 25, wherein said metal sul&te conqsrises ahnninum 
sul&te; and >xixerein said aluminum silicate comprises high reactivity metakaolin. 

27. Hie composition of claim 26, wherein said aluminum silicate and aluminum 
sul&te are present in said composition in amomits effective such that said cQnqx>sition 
may be used to formulate a client slurry having a slurry density of about 122 ppg or 
greater and that exhibits the following properties: a con^)ressive strength of greater than 
about 90 psi as measured at 50^ at 24 hours, a heat of hydration of equal to or less than 
about 6 CaiySec-kg (by weight of slurry) as measured at 45^F hnmediately after mixing, 



and a tbidcCTing time to 100 of from about 2J hours to about 5.5 hours as measured 
on a HTHP consistometer at a temperature of 50T. 

28. The composition of claim 27, wherein said cement sluiry is fonnulated fiom a 
cement composition comprising greater than or equal to about 50% Portland cement by 
weight of total dry blend prior to addition of water. 

29. The composition of claim 28, wherein said composition comprises from about 1% 
to about 75% of high reactivity metakaolin BWOC, from about 1% to about 10% of 
aluminum sul&te BWOC; and wherein said composition finlher comprises from about 
1% to about 20% of NaCl BWOC; and from about 1% to about 5% of CaCl, BWOC. 
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